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PREFACE. 


The  organic  act  establishing  the  Bureau  of  Mines  prescribes, 
among  other  provisions,  the  following: 

That  it  Bhall  be  the  proTinoe  and  doty  of  the  Bareau  of  Mines  *  *  *  to 
conduct  Inquiries  *  *  *  concerning  mining  *  *  *  with  a  Tlew  to  improv- 
ing health  conditions  and  Increasing  safety,  efficiency  *  *  *.  That  the 
director  of  said  bnrean  shaU  prepare  and  publish  •  *  *  reports  *  *  * 
cooceming  •  •  *  the  improyement  of  conditions,  methods*  and  equipment, 
with  qtedal  reference  to  health,  safety    *    *    *, 

Although  the  actual  loss  due  to  an  insanitary  environment  may 
not  be  as  readily  measurable  as  other  losses,  it  is  nevertheless  real, 
and  inquiries  concerning  improvements  that  go  to  shield  the  miner 
and  his  family  from  unnecessary  sickness  or  discomfort  plainly  lie 
within  the  scope  of  the  bureau's  duties. 

The  author  of  this  bulletin  has  visited  the  plants  of  many  of  the 
important  mining  corporations  that  control  their  own  towns  and 
carry  on  sanitary  and  welfare  work.  Much  of  the  information  con- 
tained in  this  bulletin  is  based  on  those  visits,  and  too  much  credit 
can  not  be  given  to  the  mining  officials  for  their  friendly  and  helpful 
attitude  toward  his  inquiries.  This  information  has  been  supple- 
mented by  the  observations  of  the  mining  engineers  of  the  bureau 
and  by  data  obtained  by  correspondence  and  from  publications. 

The  bureau  is  indebted,  for  examination  and  criticism  of  the 
manuscript,  to  Morris  Enowles,  consulting  sanitary  engineer; 
Frauds  Feehan,  Pennsylvania  department  of  labor  and  industry; 
and  J.  B.  Kuntz,  architect. 

Joseph  A.  Holmes. 
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By  Joseph  H.  Whitb. 


In  its  investigations  looking  to  the  improvement  of  health  condi- 
tions and  the  increase  of  efficiency  in  the  mining  industry,  the 
Bureau  of  Mines,  in  cooperation  with  the  Bureau  of  Public  Health, 
is  studying  sanitary  conditions  in  and  about  mines  with  the  intent 
of  pointing  out  how  those  conditions  that  are  a  menace  to  the  health 
of  the  miner  may  be  most  efficiently  removed  or  remedied.  An  out- 
line of  sanitary  betterment  work  at  mining  villages  in  the  Birming- 
ham district  of  Alabama  has  already  been  published  by  the  bureau,' 
and  in  this  bulletin  are  presented  suggestions  on  the  planning  of 
mining  towns  and  the  construction  of  miners'  houses.  The  bulletin 
does  not  pretend  to  be  a  treatise  on  the  so-called  '^  housing  problem,'^ 
and  mentions  sociologic  issues  only  incidentally. 

It  is  assumed  that  the  influence  of  proper  shelter  on  health  is 
understood  and  that  not  a  lack  of  appreciation  so  much  as  a  lack 
of  knowledge  of  the  best  remedies  is  responsible  for  many  of  the 
undesirable  conditions  that  exist  at  mining  towns.  The  purpose  of 
this  bulletin  is  to  supply  facts  on  the  building  of  well-lighted,  well- 
ventilated,  warm,  attractive,  and  economical  houses  for  miners,  these 
houses  being  assumed  to  be  units  of  an  industrial  village  or  town 
the  building  and  management  of  which  are  under  the  control  of  a 
corporation,  so  that  special  conditions  hold  which  do  not  apply  to 
houses  built  and  owned  by  individual  miners. 

From  this  it  is  not  to  be  inferred  that  the  company-controlled  town 
is  the  best  system  or  the  only  one  in  vogue.  The  discussion  of  this 
side  of  the  subject  in  all  its  phases  is  too  involved  to  be  included  in 
this  paper.  One  element  in  favor  of  the  company-controlled  town 
is  its  possible  immediate  responsiveness.  Hence  this  assiunption. 
Also  the  assumption  is  made  that  a*new  isolated  town  is  being  built, 
and  hence  the  selection  of  the  site,  the  arrangement  of  the  streets,  and 
the  situation  of  the  houses  are  discussed  before  the  house  itself  is 
treated,  for  one  of  the  most  important  factors  in  obtaining  an 

*WoodtoUlge^  D.  BL,  Sanltatloii  at  mining  Tillages  ia  the  Birmingham  district,  Ala. 
ins.    27  pp. 
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economical  sanitary  house  is  a  well-selected  town  site.  Many  of  the 
suggestions,  however,  may  be  appUed  in  improving  conditions  in 
existing  towns,  in  building  new  houses  in  old  towns,  or  in  repairing 
old  houses.  Emphasis  must  be  laid  on  the  fact  that  as  a  role  a 
mining  village  has  a  shorter  life  than  a  manufacturing  town. 

Economy  is  emphasized  frequently  because  the  discussion  is  predi- 
cated upon  the  assumption  that  the  miner  himself  is  to  pay  for  all 
that  he  gets.  House  rent  will  doubtless  be  expected  to  bring  in  a 
i-easonable  return  on  all  money  invested  in  streets,  sidewalks,  water 
supply,  sewer  system,  and  houses;  in  other  words,  the  town  is  to  be 
run  on  a  business  and  not  on  a  paternal  or  charitable  basis.  ''  Fair 
and  reasonable"  precludes,  of  course,  the  idea  of  excessive  returns. 
Some  companies  do  not  consider  it  good  policy  to  realize  as  high  a 
rate  of  interest  as  an  independent  realty  company  would  be  war- 
ranted in  realizing.  Under  some  circumstances  part  of  the  town 
improvements  might  be  charged  as  "  expense  of  the  industry,"  that 
is,  to  the  consumer. 

The  isolation  of  a  mining  town  introduces  a  unique  responsibility. 
As  the  miners  are  practically  obliged  to  rent  the  company  houses, 
the  officials  of  the  company  ought  to  scrutinize  all  e2q>enditures  in- 
volved so  that  house  rent  may  be  reduced  to  a  minimum.  In  a  way 
the  town  builders  are  placed  in  the  position  of  trustees.  They  deter- 
mine,  within  certain  limits,  what  proportion  of  a  man's  wages  shall 
be  spent  on  house  rent.  This  consideration  should  restrain  fanciful 
and  unnecessarily  expensive  building;  the  other  extreme  should  like- 
wise be  avoided.  True  economy  should  be  distinguished  from  cheap- 
ness. Ugly,  insanitary,  uncomfortable  shacks  should  not  be  built 
even  if,  because  of  their  cheapness,  there  is  a  demand  for  them  from 
tenants.  The  obligation  of  the  industry  to  society  as  a  whole  as  well 
us  to  the  tenant  ought  to  forbid  this.  A  cheerful,  strong,  healthy? 
virile  race  will  not  rise  out  of  the  filth  and  squalor  of  cheap  hovels. 
An  insanitary  environment  often  does  its  damage  slowly  and  silently; 
vitiated  air  does  not,  like  mine  gas,  announce  its  deadly  work  by  an 
explosion.    As  Talbot  •  says : 

Health  dep^ids  in  part  on  freedom  from  infection.  The  probability  of  obtain- 
ing that  freedom  will  be  greatly  increased  by  maintaining  the  body  at  a  high 
state  of  vigor,  or  "  vitality/'  as  it  is  popularly  called.  This  impUes  the  promo- 
tion of  all  agencies  which  have  to  do  with  the  physical  well-being  as  well  as 
with  the  control  of  sources  of  infection. 

Many  men  realize  that  in  building  houses  for  their  workmen  they 
are  invested  with  a  peculiar  responsibility  that  must  be  wielded 
wisely,  and  in  large  developments  they  call  into  consultation  the  land- 
scape architect,  the  sanitary  engineer,  and  the  building  architect,  as 
well  as  the  mining  engineer. 

•Talbot,  Marion,  Houae  sanitation,  1013,  p.  8. 
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IMPORTANCE  OF  TOWN  SITE. 

The  general  practice  in  the  past  has  been  to  build  the  miners' 
houses  near  the  mines,  and  in  selecting  a  site  for  a  mining  plant  the 
desirability  of  the  locality  for  town  building  received  slight  consider- 
atioiL  So  long  as  crude,  ugly,  insanitary  mining  ^^ patches"  or 
" camps ^  (see  PL  Ij  A)  prevailed  this  course  of  procedure  went  un- 
challenged, but  the  rise  of  the  modem  mining  town  necessitated 
changes,  and  to-day  the  policy  is  to  consider  the  town  site  in  connec- 
tion with  and  as  an  important  factor  in  the  situation  of  the  mine 
plant  Moreover,  if  the  mine  plant  must  be  built  in  a  place  that  is 
undesirable  for  a  town  site  it  is  no  longer  considered  essential  to 
bmld  the  town  close  to  the  plant. 

ADVANTAGES  OF  ESTABLISHING  TOWN  NEAR  PLANT. 

Numerous  elements  affect  the  desirability  of  a  town  site,  and  local 
conditions  will  modify  the  choice  in  each  case;  nevertheless,  there  are 
certain  general  considerations  that  apply  in  making  the  selection. 
In  the  first  place,  some  of  the  advantages  gained  by  building  the  town 
adjoining  the  plant  will  be  considered.  Perhaps  the  most  important 
of  these  advantages  is  that  the  miners  may  live  near  their  work, 
wherefore  they  do  not  have  to  get  up  so  early  in  the  morning  and 
in  returning  home  at  night  do  not  have  to  walk  so  far  in  their  damp 
working  clothes,  perhaps  in  the  cold  or  wet.  It  should  be  kept  in 
mind  that  a  miner  may  have  to  walk  a  considerable  distance,  some- 
times over  a  mile,  before  reaching  the  surface. 

At  mines  where  the  company  owns  the  store  and  where  wages  are 
advanced  before  pay  day  it  is  convenient  for  the  women  and  children 
to  have  the  house,  the  time  office,  and  the  store  close  together. 

There  is  an  advantage  in  having  the  houses  near  in  time  of  break- 
down or  disaster,  and  men  holding  responsible  positions  such  as 
those  of  mine  foreman,  fire  boss,  or  watchman,  should  be  within  call 
at  all  times. 

Building  the  town  and  the  plant  at  one  place  simplifies  the  ship- 
ment and  hauling  of  building  material  and  reduces  the  cost  of 
supervision.  The  proximity  of  the  houses  to  the  power  plant  is  to 
be  considered  in  connection  with  heating,  lighting,  and  fire  protec- 
tion. In  some  cases  it  may  be  of  advantage  to  have  all  surface  rights 
contiguous  in  order  to  avoid  litigation  about  roads,  power-trans- 
mission lines,  or  water  pipes. 

These  are  important  considerations,  but  the  tendency  has  been  to 
overestimate  their  significance;  besides,  new  mining  methods  make 
many  of  them  less  important  now  than  formerly.  For  instance, 
are  shorter  than  they  were;  underground  transportation  of 
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men  to  their  working  places  is  more  developed;  wash  and  change 
houses  are  being  erected  so  that  the  men  may  leave  their  damp  work- 
ing clothes  at  the  mine;  more  frequent  pay  days  are  coming  into 
vogue,  and  company  stores  are  not  as  conmion  as  they  were. 

POSSIBLE  ADVANTAGES  OF  BUILDING  TOWN   SOME  DISTANCE   FROM    PLANT. 

If  latitude  is  allowed  in  the  search  for  a  town  site,  a  larger  plat 
of  gently  sloping  land  may  be  found  which  will  oflfer  many  ad- 
vantages. The  town  may  be  laid  out  contiguously  rather  than 
in  separated  clusters  of  houses  as  is  frequently  done.  The  cost  of 
streets  and  surface  drainage  systems  may  be  lessened  by  the  ground 
being  less  rough,  and  unsightly  hillside  houses  with  expensive  foun- 
dations may  be  avoided.  Single  houses  may  be  erected  with  large 
yards,  insuring  sunshine,  good  air,  and  fire  protection.  Fertile  soil 
may  be  found,  making  possible  kitchen  gardens  with  their  multi- 
fold benefits.  A  large  plat  of  land  may  be  available  for  truck  gar- 
dens, chicken  farms,  or  pasturage,  all  of  which  will  help  to  reduce 
the  cost  of  living  and  offset  the  difficulties  incident  to  the  irregu- 
larity of  mining. 

Latitude  in  the  choice  of  a  site  may  allow  the  utilization  of  a 
lake,  a  river,  or  a  spring,  which  may  simplify  the  drinking-water- 
supply  problem  (see  PL  I,  5),  or  may  prove  an  asset  as  a  source  of 
healthful  recreation.  Athletic  fields,  picnic  grounds,  and  wooded 
areas  may  be  possible. 

By  building  the  town  at  a  distance  from  the  mines  many  of  the 
dangers,  nuisances,  and  necessarily  unsightly  features  incident  to 
mining  may  be  avoided.  The  dangers  and  delays  due  to  railroad 
crossings  will  be  minimized ;  and  in  the  case  of  a  coal-mining  town 
the  noise,  smoke,  and  dust  from  the  tipple,  breaker,  coke  ovens, 
washery,  and  boiler  plants  will  be  avoided,  and  "  slate  "  dumps  and 
culm  heaps  will  not  be  before  one's  eyes  year  in  and  year  out, 

The  maximum  permissible  distance  between  town  site  and  mine 
will  depend  largely  on  the  proximity  to  a  railroad  or  an  interurban 
electric  system.  If  the  men  have  to  walk  to  their  work  the  character 
of  the  roads  and  short-cut  foot  paths  is  important.  A  little  money 
invested  in  footbridges,  steps,  and  clearing  away  obstructions  may 
greatly  improve  conditions.  The  long  distances  many  men  are  will- 
ing to  walk  to  work,  in  order  to  obtain  the  advantage  of  owning  and 
living  in  their  own  homes,  proves  that  nearness  to  work  may  be 
offset  by  other  factors. 

In  the  above  discussion  the  opening  of  a  single  mine  whose  oper- 
ation required  200  or  800  houses  was  under  consideration.  An- 
other case  arises  when  the  mineral  development  requires  or  ulti- 
mately will  require  a  large  number  of  openings  a  mile  or  so  apart, 
as  in  drift  mines.    Suppose  50  to  100  homes  are  needed  for  each 
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opening,  with  a  total  of  800  or  1,000  houses  in  all.  The  desirability 
of  assembling  these  at  one  place  and  building  one  large  modem 
town  (fig.  1 )  is  worthy  of  careful  study.  The  magnitude  of  such  a 
town  would  warrant  such  features  as  an  efficient  traction  system,  a 
suitable  water  supply,  a  sewer  system,  paved  streets  and  sidewalks, 
a  lighting  system,  better  sanitary  laws  and  regulations,  garbage 
collection  and  disposal  by  incineration,  salvages  realizable  by  utili- 
zation of  wastes,  bigger  stores,  better  schools,  hospitals  and  ceme- 
teries, a  playground,  amusement  halls,  a  dancing  pavilion,  a  theater, 
and  more  varied  means  of  entertainment;  in  short,  the  advantages 
of  a  highly  organized  city  as  compared  with  those  of  a  village ;  and 


FiGCBi  1. — ^Map  of  model  mining  town  In  Illinolfl. 

as  the  company  controls  the  construction  of  the  town,  if  not  the 
management,  many  city  evils  may  be  forestalled. 

NECESSmr  OF  A  MAP. 

After  the  site  for  the  town  has  been  determined  the  layout  of  the 
streets  and  alleys  and  the  size  and  arrangement  of  lots  must  be 
considered.  For  this  reason  a  topographic  map  of  the  site  should 
be  made  showing  contour  lines  at  not  more  than  5-foot  intervals,  if 
possible,  all  watercourses  with  high  and  low  water  levels,  wet  places, 
soil  conditions,  the  name  and  diameter  of  all  large  or  sightly  trees, 
Government  section  lines,  and  similar  information.  With  the  aid  of 
such  a  map  a  nimiber  of  arrangements  may  be  investigated  and  their 
relative  costs  and  advantages  may  be  compared,  and  when  field  in- 
spections are  made  a  more  vivid  and  comprehensive  mental  picture 
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can  be  formed.    The  advantages  derived  from  having  a  map  of  this 
kind  will  well  repay  the  cost  of  making  it. 

STREETS,   GUTTERS,   SmSWALKS,   AND  ALLErS. 

8TBEET  SYSTEMS. 

Even  on  a  level  area  the  rectangular  street  system  is  not  adopted 
as  much  as  formerly  because  of  the  many  pleasing  effects  obtainable 
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FiouBB  2. — Diagram  ghowing  advantage  of  diagonal  street  for  closely  grouped  cottages. 
Houses  arranged  as  in  upper  view  have  more  air,  light,  and  sunshine,  and  better  outlook 
than  those  arranged  as  in  lower  view. 

with  winding  streets.    Winding  streets  permit  a  larger  number  of 
houses  to  take  advantage  of  such  natural  features  as  favorable 
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exposures  and  prevailing  winds,  and  a  greater  variety  of  viewpoints 
is  attainable,  especially  on  the  concave  side  of  curves.    Numerous 
parks  and  grass  plats  may  be  developed.    On  a  hilly  site  contour 
streets  are,  in  addition  to  these  advantages,  most  economical;  easy 
grades  may  be  obtained  with  less  cut  and  fill ;  culverts,  bridges,  sur- 
face drainage,  and  sewer  systems  will  cost  less.    With  this  system 
the  lot  will  slope  toward  the  street,  so  that  the  ground  line  of  the 
front  of  the  house  will  be  level,  which  greatly  improves  appearance& 
In  some  cases  it  may  be  necessary  to  crowd  cottages  closely.    In 
sach,  more  sunshine,  better  ventilation,  and  a  better  outlook  will  be 
afforded  if  the  houses  are  offset  by  means  of  a  diagonal  street  than 
if  the  regular  perpendicular  street  system  be  followed  (see  fig.  2). 
In  some  localities  the  street  £fystem  of  the  proposed  town  may  have 
to  be  coordinated  with  the  public-land  sjBtem  of  rdads,  in  which  case 
^me  streets  must  run  north  and  south.    In  the  main  business  part 
of  the  town  practical  purposes  may  be  better  served  by  straight 
streets. 

WIDTH    OF    BTBBKT8. 

In  the  average  mining  town  the  vehicular  traffic  in  the  residential 
district  is  not  heavy,  so  that  a  narrow  well-surfaced  street,  with  an 
effective  gutter  and  paved  sidewalk,  provided  the  building  line  is 
well  back  from  the  street,  suits  conditions  better  than  wide  streets 
and  poor  sidewalks.  As  a  fire-protective  measure  streets  have  been 
made  very  wide  in  some  mining  villages ;  hence  it  is  evident  that  the 
water-supply  system  will  affect  the  width  of  the  streets. 

NAMING  OF  8TREET8. 

The  streets  should  be  named  not  only  on  the  maps  in  the  engineer's 
office  but  by  signboards  in  prominent  places.  This  is  a  thoughtful 
improvement  and  costs  very  little.  It  goes  without  saying  that  the 
town  should  not  be  designated  by  a  numeral  in  correspondence  or 
referred  to  in  conversations  as  a  "  camp  "  or  "  patch." 

CONSTBVCnON  OF  BU>EWALKS  AND  0UTTEB6. 

The  following  directions  are  often  followed  for  making  cement 
sidewalks.  The  ground  is  leveled  off  about  10  inches  below  the  fin- 
i^ed  grade,  and  if  necessary  is  well  settled  by  ramming.  A  5-inch 
foundation  of  coarse  gravel,  broken  stone,  or  coal  ashes  is  placed  and 
rolled.  A  3-inch  layer  of  concrete,  made  from  one  part  cement,  two 
parts  sand,  and  three  parts  stone  and  mixed  dry,  is  laid  on  this  foun- 
dation and  covered  with  a  1-inch  surface  coat  made  of  one  part 
cemoit  and  one  part  sand.  The  sidewalk  should  drain  toward  the 
gutter,  with  a  slope  of  1  in  10,  and  should  have  expansion  joints 
every  5  or  6  feet. 
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Well-paved  sidewalks  are  recommended  for  comfort  and  cleanli- 
ness. They  do  not  have  to  be  as  wide  as  city  sidewalks.  There  is 
perhaps  more  comfort  in  using  a  well-paved  sidewalk  2^  or  8  feet 
wide  than  one  of  much  greater  width  less  carefully  built. 

In  case  there  is  no  underground  sewer  system  the  street  gutters 
should  be  designed  with  a  view  to  removing  house  wastes,  such  as 
kitchen  slops  and  waeh  water,  as  well  as  surface  drainage.  For  this 
reason  they  should  be  made  of  concrete,  box  shaped,  and  smooth 
surfaced  with  rounded  comers. 

ALLEYS. 

Alleys,  preferably  narrow  ones,  should  be  provided,  as  they  make 
a  lot  more  private  and  are  convenient.  In  a  well-administered  model 
town  none  of  the  notorious  evils  of  the  alley  need  be  allowed  to 
develop. 

Some  town  planners  disapprove  of  alleys  because  the  expense  of 
fences  is  increased,  more  paving  is  required,  and  the  alley  is  apt  to 
become  unsightly.^ 

DIMENSIONS  OF  HOUSB  LOTS. 

Where  there  is  plenty  of  suitable  land  each  cottage  should  have  a 
large  yard.  It  is  generally  better  to  apportion  this  area  by  depth 
rather  than  frontage,  in  order  to  reduce  the  cost  per  lot  for  street 
improvements.  However,  the  houses  should  not  be  crowded  together; 
there  should  be  sufficient  distance  between  them  to  insure  good  light, 
ventilation,  privacy,  and  fire  protection.  This  distance  depends  to 
some  extent  upon  the  height  of  the  house.  One-story  houses  may  be 
spaced  closer,  if  necessary,  than  two-story  houses,  and  conditions  may 
be  relieved  somewhat  by  alternating  one  and  two  story  houses. 

SITUATION  OF  HOUSE  ON  LOT. 

Better  lighting  often  may  be  effected  by  varying  the  distance  be- 
tween the  front  of  the  house  and  the  street  line,  in  which  case  two- 
story  houses  should  be  set  farther  back  than  one-story  houses  for  the 
purpose  of  equalizing  the  street  view.  Similarly  it  is  a  good  plan  not 
to  build  the  houses  on  the  two  sides  of  the  street  directly  opposite  one 
another.  If  the  houses  are  staggered,  better  circulation  of  air  and 
more  interesting  outlooks  will  be  furnished.    (See  fig.  4.) 

If  there  are  to  be  no  front  fences  and  if  the  houses  are  practically 
on  the  street  level  a  greater  distance  between  the  street  and  the  house 
is  necessary  than  if  the  reverse  be  true.  Most  advantage  may  be 
taken  of  a  necessarily  small  distance  by  laying  the  sidewalk  adjacent 

«  See  remarks  of  Morris  Knowles,  The  Proceedings  of  the  Third  National  Conference 
on  Housing,  Dec.  8,  4,  and  5,  1913,  p.  111. 
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to  the  gutter  rather  than  by  having  a  6  or  8  foot  grass  plat  between 
the  gatter  and  the  sidewalk,  as  may  be  justified  under  different 
circumstanoes. 

HIIiLSIDE  HOUSES. 

On  many  sites  the  grading  of  house  lots  is  so  expensive  that  some 
honses  must  be  built  on  sloping  lots.  Every  economical  method  of 
relieying  the  umdghtliness  of  these  hillside  houses  should  be  em- 
ployed. As  has  been  pointed  out  contour  streets  improve  condi- 
tions somewhat  because  the  ground  line  on  the  exposed  side  of  the 
house  is  level.  Excessively  steep  lots  should  not  be  used,  as  the  cost 
of  foundations,  steps,  and  building  is  too  great  and  the  house  is  not 
satisfactory  to  live  in.  With  the  idea  of  utilizing  such  lots,  one 
ocxnpany  attempted  to  develop  a  cheap  five-room  house  in  which  the 
fnHit  and  the  back  contained  a  different  number  of  stories;  on  the 
hi^  side  of  the  street  the  house  had  three  stories  in  front  and  two 
in  the  back ;  whereas  on  the  low  side  the  arrangement  was  reversed. 
The  construction  of  these  houses  proved  very  expensive  and  was 
discontinued. 

The  houses  on  the  low  side  of  the  street  should  be  brought  up  to 
the  level  of  the  street  grade,  if  possible.  This  can  be  done  by  shifting 
the  retaining  wall,  which  is  so  often  placed  on  the  property  line, 
back  to  the  house  line.  Houses  on  steep  lots  should  be  shallow,  as 
this  greatly  reduces  the  appearance  of  the  inequality  in  height  be- 
tween the  front  and  back  of  the  house.  Two-story  houses  on  the 
low  side  of  the  street  will  equalize  appearances  (see  fig.  3).  The 
appearance  of  the  houses  on  the  high  side  of  the  street  may  be  im- 
proved by  placing  the  veranda  on  the  side  rather  than  on  the  front, 
thereby  reducing  the  depth  of  the  building,  or  by  changing  the 
direction  of  approach  of  the  front  steps.  Figure  4  shows  a  suggested 
^nimgement  of  houses  and  lots. 

T7FBB  07  HOnSBS. 
KATBBIAL  OF  CONSTRUCTION. 

The  material  from  which  the  houses  are  built  depends  largely  on 
local  conditions.  The  availability  of  the  material,  whether  it  be 
lionber,  brick,  stone,  or  cement,  is  important  because  of  its  bearing 
^  cost  The  estimated  life  of  the  town  determines  how  much  stress 
dionld  be  laid  on  the  durability  of  the  building  material.  Climatic 
conditions  may  determine  the  selection  of  a  cold-resistant  or  heat- 
fesistant  material  and  the  form  of  construction  to  be  used.  The 
prevalence  of  high  winds,  earthquakes,  rain,  and  atmospheric 
humidity  must  be  considered.  The  spacing  of  the  houses,  one  from 
the  other,  the  cost  of  fire  protection,  the  fire  hazard,  and  the  insur- 
ance rates  influence  the  choice  of  building  material. 
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MASONRY  HOUSES. 

Various  types  of  masonry  houses  are  being  erected  at  towns  con- 
nected with  mining  and  metallurgical  industries.  Under  special 
circumstances  brick  and  stone  (generally  sandstone  found  on  site  and 
easUy  quarried)  houses  have  been  erected  for  the  use  of  miners. 
Recently  some  attractive  homes  have  been  made  from  poured  con- 
crete (PL  II).  These  are  very  durable,  fireproof,  and,  to  a  large 
extent,  vermin  proof. 

Unless  some  precautions  are  taken  houses  built  with  solid  masonry 
walls  will  be  damp  and  moisture  will  condense  on  the  inside.  Brick 
walls  are  generally  built  with  an  air  space  in  the  interior  to  prevent 
this.  Sometimes  an  insulating  medium  is  placed  back  of  the  plaster. 
Forms  for  making  concrete  blocks  or  artificial  stone  are  usually 
made  so  that  there  will  be  an  air  space  in  the  stone.  Special  ma- 
chines are  on  the  market  whereby  a  hollow  concrete  wall  may  be 
poured.  Hollow  tiles  are  now  also  being  used  for  finished  exterior 
walls.  These  have  been  used  for  some  time  on  interior  nonload- 
bearing  walls. 

The  idea  in  all  of  these  types  is  to  establish  an  insulated  air  space 
(similar  to  a  thermos  bottle)  between  the  outside  and  inside  wall 
surfaces,  so  as  to  prevent  dampness  and  make  the  rooms  warmer 
in  winter  and  cooler  in  summer. 

ADVANTAGES  OF  FRAME  HOUSES. 

Generally,  the  frame  house  is  best  adapted  to  mining  villages. 
More  variety  of  design  can  be  attained  in  a  frame  house,  and  it  lends 
itself  to  more  economical  decorative  features,  although,  of  course, 
health  and  comfort  are  to  take  precedence  over  beauty.  Another 
desirable  feature  of  the  frame  house  is  the  ease  with  which  it  can 
be  enlarged.  In  designing  small  houses  possibilities  for  future  ex- 
tension should  be  provided;  many  a  miner  becomes  strongly  at- 
tached to  his  house  or  some  feature  of  the  local  environment,  and 
if  his  house  can  be  enlarged  to  meet  new  demands  he  is  often  more 
contented.  As  regards  color,  the  variety  that  may  be  attained  by 
different  combinations  of  colors  in  the  painting,  and  the  need  of 
periodic  painting  with  its  cleansing  and  renovating  effects  may  be 
regarded  as  an  advantage  of  the  frame  house. 

ADVANTAGE  OF  VARDETY  IN  DESIGN. 

In  building  on  a  lot  it  is  desirable  to  have  plans  of  a  variety  of 
houses  available  in  order  that  the  house  may  be  best  adapted  to 
the  lot  on  which  it  is  placed.  Variety  of  design  not  only  has  a 
utilitarian  purpose,  but  improves  the  appearance  of  the  entire 
town.    There  is  also  an  economic  reason  which  pleads  strongly  for 
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variety  in  houses ;  namely,  differences  in  rents.  The  decision  as  to 
what  proportion  of  his  income  a  miner  should  spend  on  house  rent 
is  determined  by  a  number  of  considerations.  Badal  characteristics, 
size  of  family,  domestic  habits,  social  and  educational  aspirations, 
past  obligations,  all  affect  the  question.  Each  case  can  best  be  set- 
tled by  each  individual  family,  and  means  of  meeting  different  desires 
should  be  provided  within  certain  limitations. 

PROPORTION  OF  TTPBS. 

After  the  variety  in  style  of  the  houses  for  a  new  mining  town 
has  be^i  determined,  the  next  question  that  arises  is  the  number  of 
three,  four,  five,  or  six  room  houses  that  shall  be  built,  and  how 
many  houses  shall  have  single,  double,  or  multiple  tenements.  This 
question  can  be  decided  only  after  carefully  collected  statistics  have 
been  interpreted  with  sound  judgment.  Local  investigations  must 
be  made ;  the  character  of  labor  must  be  predicted ;  the  percentages 
of  married  and  unmarried  men  on  neighboring  pay  rolls  should  be 
ascertained;  and  the  sizes  of  miners'  families  should  be  recorded. 
Observation  indicates  that  miners'  houses  in  the  past  have  been  built 
entirely  too  small.  In  correcting  this  defect  incongruous  additions 
have  been  built,  which  probably  gave  rise  to  the  term  ^^  mining 
patch.'' 

TWO-STORT  HOUSE. 

As  the  number  of  rooms  in  a  one-story  house  increases,  the  num- 
ber of  exposed  sides  to  each  room  decreases.  In  a  one-room  house 
the  room  would  have  four  sides  completely  exposed ;  in  a  two-room 
house  each  room  would  have  three  sides ;  and  in  a  four-room  house 
two  sides  exposed ;  and  when  a  fifth  room  is  added  only  one  side  of 
it  may  be  exposed.  Therefore,  whan  the  rooms  reach  a  certain  num- 
ber it  becomes  advisable  to  build  two-story  houses,  not  only  for  im- 
proved lighting  effects,  but  also  because  it  cheapens  the  proportion- 
ate cost  of  foundation,  roof,  and  of  land  occupied. 

A  two-story  brick  cottage  is  shown  in  Plate  III,  A.  The  plan  of 
the  house  is  diown  in  figure  5. 

DOUBLE-IENEMENT    HOUSES. 

Double-tenement  houses  have  in  the  past  been  used  to  a  large  ex- 
tent in  mining  towns,  especially  in  northern  climates,  where  expen- 
sive cellars  are  required.  It  is  generally  necessary  to  make  double- 
tenement  houses  two  stories  high.  Each  tenement  should  be  made 
as  private  as  possible.  Separate  front  porches  are  highly  desirable. 
The  yards  should  be  fenced  off  and  individual  privies  and  coal  sheds 
built.  Tenements  should  be  side  by  side  and  not  one  over  the 
other. 


18 


HOUSES  FOB  MlinVO  TOWHB. 


My 

li'B 

MINER'S  SRICK  HOUSE  * 


R  TWO  OlYEUUINGS.     THE 


TTPB8  OF  H0U8SB.  19 


MULTIFLE-TBKXHZNT  BLOCKS. 


A  mnltiple^tenement  block  may  be  a  building  two  or  two  and  one- 
half  stories  high,  extending  along  the  street  front  so  that  6  to  10 
homes  are  under  the  one  roof.  This  type  of  dwelling  is  economical 
because  of  the  saving  in  side  walls  and  may  be  necessary  where  land 
frontage  is  scarce.  The  critical  consideration  in  its  adoption  is  cli- 
matic conditions.  In  a  cold  climate  the  practice  of  building  a  number 
of  two-story  houses  of  identical  design  with  narrow  passageways  (4 
or  5  feet)  between  the  houses  is  undesirable.  little  sunlight  reaches 
the  rooms  on  these  blocked  sides;  in  fact  these  sides  are  generally 
windowless.  It  would  be  better  to  combine  these  houses  and  omit 
the  narrow  passage  entirely  and  enlarge  the  window  areas  in  front 
and  bacL  The  tenement  block  should  never  be  built  more  than  two 
rooms  in  depth,  except,  perhaps,  for  the  extension  of  a  kitchen  ell 
in  the  rear.  Tenement  blocks  should  be  built  preferably  on  a  street 
that  runs  north  and  south,  so  that  the  exposed  side  of  the  rooms 
will  have  the  advantage  of  as  much  sunlight  as  possible.  The 
cutting  off  of  the  convenient  entrance  to  the  back  door  is  not  a  seriouH 
objection.  The  combining  of  eight  of  these  houses  may  permit  the 
blocks  to  be  separated  by  an  interval  80  feet  or  more  wide,  thus 
furnishing  two  tenements  in  every  eight  with  plenty  of  light  and 
sunshine. 

In  warm  climates,  however,  the  important  consideration  is  to  get 
a  oool,  well-ventilated  house,  and  individual  houses,  even  though 
spaced  closely,  help  this.  Even  if  sunlight  can  not  penetrate  these 
narrow  passageways,  windows  should  be  placed  therein  for  ventilat* 
ing  purposes.  Privacy  may  be  attained  by  not  placing  windows 
directly  opposite  each  other  or  by  using  ground  or  other  translucrait 
glasB. 

ORIENTATION. 

The  direction  in  which  the  house  faces  is  important  in  self-con- 
tained houses  as  well  as  in  multiple-tenement  dwellings.  Every 
effort  should  be  made  to  have  the  living  rooms  that  are  most  used 
on  the  south  and  east  sides.  The  north  and  west  sides  are  more 
cheerless  in  winter   and   more  uncomfortable   on   warm   summer 

evenings.    The  halls,  stairways,  and  less  used  rooms  should  be  on 
these  less  desirable  sides. 

KrrCHBNS. 

In  some  places  it  was  a  common  practice  in  the  past  to  bmld  the 
kitchen  entirely  separate  from  the  rest  of  the  house.  It  is  not  be- 
lieved the  best  conditions  result  from  separating  the  kitchen  and  the 
house;  ultimately  the  intervening  space  is  roofed  over,  then  one  side 


80  HOUSES  FOB  MINIKO  TOWKS. 

will  be  closed,  and  finally  the  kitchen  becomes  a  part  of  the  main 
building. 

The  kitchen  in  a  miner's  house  should  be  made  much  larger  than 
has  been  the  practice  in  the  past;  in  fact,  the  kitchen  should  be  the 
largest  and  most  pleasant  room  in  the  house.  It  is  the  center  of  all 
home  activities.  The  miner's  wife  spends  a  large  part  of  her  life  in 
the  kitchen ;  it  is  used  as  the  family  dining  room ;  the  children  play 
there  and  around  the  back  door.  Neighbors  are  entertained  in  the 
kitchen.  In  the  absence  of  a  washhouse,  it  is  used  as  a  bathrooni.  On 
cold  winter  nights  the  family-  circle  is  aroxmd  the  kitchen  stove. 
These  remarks  apply  notably  to  the  smaller  houses,  in  which  the 
living  room  is  often  converted  into  a  bedroom.  Statistics  as  well  as 
observations  prove' this.  Of  2,371  miners'  families  investigated  by  the 
Immigration  Commission  **  43.5  per  cent  used  all  but  one  of  the  rooms 
in  the  house  for  sleeping  purposes,  and  41.1  per  cent  used  all  but 
two  rooms  for  sleeping  purposes.  Of  course,  it  would  be  desirable  if 
every  miner — ^in  fact,  every  workingman — could  have  a  dining  room, 
a  living  room,  and  a  parlor,  in  addition  to  his  kitchen,  but  this  is 
not  always  practicable  imder  existing  conditions. 

WINDOWS,  DOOBS,  AND  ABTIFICIAI.  LIGHTING. 

In  this  bulletin  the  discussion  of  windows,  doors,  artificial  lighting 
and  heating,  and  interior  finish  precedes  the  discussion  of  founda- 
tions, chimneys,  framework,  and  roof.  Although  this  order  is  illogi- 
cal from  the  builders'  point  of  view,  it  is  the  logical  order  as  regarde 
the  health  of  the  people  who  are  to  occupy  the  house.  It  is  felt  that 
many  advantages  have  been  abrogated  because  of  a  desire  to  con- 
form to  construction  practices  or  through  fear  of  violating  fixed 
standards,  such  as  placing  windows  with  a  view  to  symmetry  rather 
than  with  regard  to  the  interior  arrangement  or  the  lighting  effect. 
It  is  desirable  that  the  plan  of  the  house  should  be  developed  from 
the  room  out  and  not  from  the  foundation  up. 

WINDOWS. 
MOBE  SUNLIGHT  IN  THE  HOICE. 

The  part  played  by  sunlight  and  fresh  air  in  insuring  good  health 
is  often  dwelt  upon,  but  practical  and  specific  methods  of  introduc- 
ing a  maximum  of  these  into  a  cottage  .are  seldom  furnished.  Be- 
cause lighting  and  ventilating  an  individual  house,  as  compared 
with  a  crowded  city  tenement,  is  simple,  the  tendency  has  been  to 
slight  this  subject,  with  the  result  that  the  prevailing  condition  is 
far  from  perfect.  The  lightsomeness  of  a  miner's  cottage  deserves 
sp^iai  consideration.    As  the  miner's  occupation  necessitates  many 

•  Immigrants  in  industries :  Reports  of  the  Inunigration  CommlsBion,  1910  (Senate  Doc. 
No.  668),  TOl.  6,  1911,  p.  184. 
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fionksB  hours,  every  effort  should  be  made  to  bring  as  much  sun- 
shine into  his  home  as  possible  and  to  reduce  to  a  minimum  the  need 
of  artificial  light 

The  explanation  frequently  given  for  not  having  more  windows  is 
Aat  they  would  make  the  house  more  difficult  to  keep  warm  in  cold 
weather.  Qimatic  conditions  should  greatly  influence  one's  judg- 
flieDt  in  this  matter,  and  it  must  be  remembered  that  warmth  and 
comfort  are  essential  as  well  as  sunlight,  but  excuses  should  not  be 
aDowed  to  masquerade  as  reasons.  A  house  can  be  well  lighted  and 
still  be  kept  warm.  Open  foundations,  single  floors,  unceiled  rooms, 
leaky  roofs,  loose  windows,  and  sagging  doors  are  the  chief  reasons 
for  cold,  uncomfortable  houses,  and  if  larger  windows  will  necessi- 
tate a  correction  of  these  defects,  then  they  bring  a  double  blessing. 

OONTSOLLED   VSBSU8   ACCIDENTAL   VENnLATION. 

Some  good  from  the  above  construction  defects  has  been  claimed 
because  they  were  all  that  furnished  many  occupants  with  fresh  air 
on  account  of  their  prejudice  against  opening  windows.  This  claim 
is  not  supported  by  modem  ventilating  ideas.  ^^Air-conditioning  ^ 
is  the  latest  word  in  ventilating  parlance.  It  signifies  that  the 
amount  of  air  furnished  should  depend  upon  whether  the  occupant 
is  actively  engaged  in  housework,  or  sitting  quietly  eating  or  read- 
ing, or  is  sleeping  under  warm  bedclothes.  ^  Controlled ''  ventila- 
tion by  properly  placed  doors  and  easily  opened  windows  is  needed, 
and  not  ^^  accidental  ^  ventilation. 

WINDOW  ABBA. 

No  hard  and  fast  rule  can  be  given  for  the  proportion  of  wall 
area  that  should  be  used  for  window  space.  The  climate,  building 
material,  interior  finish,  shape  of  room,  number  of  sides  exposed,  and 
the  use  of  the  room  all  affect  the  proportion.  One  feature  that 
may  serve  as  a  guide  is  the  common  inadequacy  of  window  area  in 
the  past  Those  mining  companies  that  are  changing  the  type  of 
construction  of  their  houses  are  especially  cautioned.  Some  com- 
panies have  recently  built  clapboarded  and  plastered  houses  and 
did  not  increase  the  window  area  from  that  used  with  old  methods 
of  construction,  with  the  result  that  the  rooms  are  very  warm  and 
close  in  summer. 

POSITION,  SPACINO,  AND  SHAPE  OF  WINDOWS. 

It  will  be  of  help  to  keep  in  mind  the  three  distinct  functions  of 
a  window,  namely,  air,  light,  and  outlook;  and  the  position  of  the 
window  should  be  such  that  all  these  purposes  are  fulfilled  to  the 
best  advantage.    The  arrangement  of  the  furniture  in  the  room 
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should  be  forecasted  so  that  the  windows  may  be  placed  with  re- 
spect to  the  arrangement  of  the  bed,  bureau,  tables,  looking-glasses, 
etc.  In  placing  bedroom  windows  it  diould  be  remembered  tiiat  bed- 
steads are  from  6  feet  6  inches  to  6  feet  8  inches  long  and  from  3  to 
5  feet  wide.  If  the  room  has  two  sides  exposed,  advantage  should 
be  taken  of  this  feature  imd  windows  placed  in  both  exposed  sides. 
One  of  the  fundamental  considerations  emphasized  in  designing  a 
house  IB  the  necessity  of  having  exposed  sides  for  this  very  reason. 
In  a  balloon- frame  house  it  is  desirable  to  have  the  windows  in  tiie 
second  story  directly  over  those  in  the  first  story. 

The  shape  of  the  opening  is  important,  and  in  building  a  large 
number  of  houses  the  use  of  sashes  not  of  standard  sizes  may  be 
justifiable.  A  tall,  narrow  window  is  more  effective  than  a  short, 
wide  one,  and  the  opening  should  extend  well  up  toward  the  ceiling. 
This  permits  the  light  to  penetrate  farther  into  the  interior  of  the 
room  and  reduces  the  reservoir  of  stagnant  air  between  the  top  of 
the  window  and  the  ceiling.  It  also  allows  greater  wall  space  for 
furniture. 

On  all  window  casings  a  strip  of  sheet  lead  ^ould  be  placed  along 
the  top  on  the  outside.  Otherwise  water  may  leak  in  during  rains 
and  stain  the  curtains  or  shades. 

OLAZINO. 

Ordinary  window  glass  is  made  in  two  standard  thicknesses, 
known  as  ^^  single  thick  '^  and  ^^  double  thick,"  the  former  being  about 
one-sixteenth  inch  and  the  latter  one-eighth  inch  thick.  Although 
the  latter  costs  a  little  more  than  the  '^  single-thick "  glass,  it  is 
much  stronger  and  is  a  better  insulator  against  the  cold.  Single- 
thick  glass  should  never  be  used  in  panes  larger  than  24  by  24  inches. 

Glass  should  be  set  with  putty  made  from  a  mixture  of  pure  lin- 
seed oil  and  whiting,  to  which  one-tenth  part  of  white-lead  putty 
has  been  added.  A  liberal  number  of  triangular  zinc  points  should 
be  used.  Before  the  glass  is  set  the  sash  bars  should  be  painted  with 
a  linseed-oil  paint  so  that  the  wood  will  not  absorb  the  oil  of  the 
putty.  If  these  directions  are  followed  the  putty  will  harden  and 
cling  tightly  both  to  the  glass  and  the  wood  and  will  last  as  long 
as  the  sash  itself.  Cheap  commercial  putty  is  sometimes  made  from 
marble  dust  and  kerosene;  this  putty  tends  to  curl  away  from  the 
glass  and  fall  off,  thus  permitting  the  rain  water  to  lodge  on  the 
sash  bars  and  rot  them.  Attention  to  details  of  glazing  will  greatly 
reduce  the  number  of  vexing  window  troubles. 

NUMBEB  or  PAITES  IN  SASH. 

Sashes  with  six  or  eight  panes  of  glass  have  been  used  to  a  large 
extent  in  the  past  in  miners?  houses.     These  permit  the  use  of 
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'^  migle-ihick '^  glass  and  reduce  the  expense  of  replacing  broken 
panes.  They  do,  however,  catch  more  dirt,  are  more  difficult  to 
dean,  and  obstruct  the  light  more  than  windows  with  larger  panes. 
The  leakage  of  air  is  probably  greater  and  cracked  or  broken  panes 
are  apt  to  remain  unrepaired  longer  than  with  larger  lights.  A  two- 
b'^t  sash  makes  a  very  desirable  window  for  a  dwelling. 

EASILY  OPEBATED  WINDOWS. 

All  windows  should  be  double  sash  and  each  sash  should  slide  up 
and  down  with  such  ease  that  a  child  can  operate  it.  Opening  a 
window  that  binds  is  very  trying  and  the  occupant  may  neglect  to 
admit  fresh  air  to  a  room  if  the  windows  are  in  such  a  condition 
that  it  requires  a  bar  to  open  them  and  a  prop  to  keep  them  open. 
Windows  often  bind  on  account  of  the  settling  of  a  house  and  rem- 
edies for  this  are  discussed  under  the  subject  of  ^^  Foundations.'^ 
Windows  often  become  loose,  rattle,  and  leak  because  of  shrinkage. 
After  a  new  house  has  been  in  use  for  some  time  all  of  the  windows 
should  be  carefully  gone  over  and  these  defects  remedied. 

The  windows  should  be  weighted  so  that  both  sashes  can  be  raised 
or  lowered  to  any  desired  height.  Sash  lifts  should  be  applied  to  the 
bottom  rail  of  the  lower  sash  to  afford  a  hold  for  the  fingers  in  rais- 
ing the  sash.  In  old  houses  in  which  weight  boxes  have  not  been  pro- 
vided, side  sash  locks  should  be  installed.  These  are  attached  to  the 
side  of  the  window  and  will  hold  the  window  open  at  any  desired 
height.    They  are  cheap,  costing  only  50  cents  or  a  dollar  a  dozen. 

BUNDS   NOT  NCCESSABY. 

Outside  blinds,  or  shutters,  are  unnecessary  for  a  miner's  house. 
They  are  apt  to  get  out  of  repair  quickly.  The  frame  may  sag  and 
get  out  of  diape,  the  slats  may  drop  out  or  get  stuck.  The  fasteners 
may  become  broken  or  bent.  Frequently  the  blind  is  then  tied  back 
with  a  string  and  is  then  seldom  used  for  the  purpose  intended,  or 
is  permitted  to  become  a  plaything  of  the  winds  and  slam  back  and 
forth,  breaking  glass  and  causing  other  damage. 

BCBEBNINO  WINDOWS. 

Flies  and  mosquitoes  are  undesirable,  not  only  because  they  are 
nuisances,  but  because  they  spread  disease.  In  mining  towns  the  fly 
eril  is  especially  menacing  because  of  the  open  privies  and  other 
insanitary  conditions  that  frequently  exist.  These  bad  conditions 
should  be  uprooted  at  the  source,  but  as  an  additional  safeguard  fly 
screens  are  urg^itly  advocated.  Unfortunately,  many  of  the  framed 
screens  on  the  market  are  ineffective  and  expulsive.  Cloth  netting, 
when  tacked  on  the  outside  casing,  makes  an  effective  screen  when  in 
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good  condition,  and  on  account  of  its  cheapness  may  be  renewed  each 
summer.  It  is  objectionable,  however,  because  it  is  quickly  torn  or 
rotted.  In  communities  where  fly  and  mosquito  disseminated  dis- 
eases are  prevalent  many  companies  have  encouraged  the  use  of 
screens  by  selling  them  to  the  tenants  at  cost.  Copper  screening 
will  perhaps  prove  cheapest  in  the  end.  It  should  have  about  16 
meshes  to  the  inch. 

DOORS. 
DOORS  AS  INSTRUMENTS  OF  VENTILATION  AND  ILLUMINATION. 

The  illumination  and  ventilation  of  the  house  may  be  greatly  im- 
proved by  properly  placing  the  doors.  Advantage  should  be  taken 
of  these  uses  for  doors  in  addition  to  their  use  as  a  means  of  entrance 
and  exit.  Frequently  dark  ends  of  rooms  may  be  lighted  by  a  glass- 
paneled  door,  ground  glass  being  used  where  privacy  is  necessary. 
If  the  front  door  leads  into  a  dark  hallway  the  glass  panel  is  almost 
essential. 

Outside  door  frames  should  be  recessed  for  attaching  screen 
doors.  Storm  doors,  of  the  same  size  as  the  screen  doors,  should  be 
provided  in  cold  climates  for  exterior  doors  which  open  directly 
into  a  living  room.  For  a  hall  or  vestibule  the  storm  door  is  not  so 
important.  If  the  doors  were  stored  in  a  company  building  when 
not  in  use,  and  were  hung  each  season  by  a  company  carpenter, 
they  would  last  much  longer.  This  service  would  show  the  interest 
of  the  company  in  the  comfort  of  its  employees  without  carrying 
with  it  any  semblance  of  paternalism. 

The  movement  of  air  through  the  house  can  often  be  improved, 
thereby  making  the  house  much  cooler  in  summer,  by  properly  plac- 
ing the  doors  relative  to  one  another  and  to  the  windows.  The  use 
of  transoms  is  advocated  for  the  same  reason.  The  transom  mav  be 
used  to  advantage,  especially  in  those  bedrooms  which  have  only  one 
side  exposed.  Otherwise,  when  the  door  of  such  a  room  is  closed 
at  night,  the  room  approximates  a  "  hole  in  the  wall,"  with  such  a 
slight  movement  of  air  that  a  comfortable  and  refreshing  night's 
rest  is  impossible.  A  transom  over  the  kitchen  door  will  greatly 
help  to  remove  the  smoke  incident  to  cooking  and  make  the  room 
more  livable. 

LOCATION    OF    DOORS. 

The  position  of  the  furniture  should  be  considered;  the  wall 
space  can  generally  be  used  to  better  advantage  in  respect  to  this 
if  the  doors  are  placed  near  the  ends  rather  than  in  the  center  of  a 
wall.  In  a  dwelling  the  outside  doors  usually  swing  in,  and  provi- 
sion should  always  be  made  on  the  door  frame  for  a  screen  door. 
In  hanging  interior  doors  the  side  on  which  the  hinges  are  placed 
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and  the  room  into  which  the  door  swings  may  vary  with  circum- 
stances; it  is  not  necessary  to  follow  one  system.  Doors  should  not 
swing  so  that  when  left  open  the  lighting  from  a  window  is  blocked 
or  the  opening  of  another  door  is  interfered  with.  Such  a  conflict 
often  occurs  with  closet  doors,  and  should  be  guarded  against. 
Sometimes  it  may  be  of  advantage  not  to  hang  the  door. 

HANGING  THE  DOOB. 

Great  care  should  be  used  in  setting  the  door  frame,  for  if  this  is 
ODt  of  plumb  the  door  will  not  hang  well.  Some  woods  swell  in 
damp  weather  and  contract  in  hot  weather,  and  continue  to  do  this 
seascm  after  season,  so  that  if  the  door  should  be  planed  off  to  fit 
in  one  season  it  will  be  too  small  to  stay  closed  in  the  other.  For 
tliis  reason  pine  doors  are  best  for  common  use,  as  pine  shrinks  less 
than  most  other  woods,  and  when  once  dried  has  little  tendencv  to 
absorb  moisture  again. 

Strong  hinges  firmly  secured  with  long  screws  should  be  used. 
AU  the  hardware  should  be  of  plain  design  for  ease  in  cleaning  and 
for  durability. 

Stock  doors  are  made  1^  inches,  If  inches,  and  If  inches  thick. 
The  l^-inch  door  may  be  used  for  closets,  but  all  other  interior 
doors  should  be  If  inches  thick.  Outside  doors  should  be  If  inches 
thidc.  Stock  doors  usually  vary  between  2  and  3  feet  in  width  and 
irom  6  feet  6  inches  to  7  feet  in  height. 

CEILING  VENTILATORS  AND  LOUVERS. 

In  addition  to  windows,  doors,  and  transoms,  ceiling  ventilators 
and  louvers  are  a  help  to  ventilation.  If  the  ventilator  is  placed 
in  a  closet,  the  ventilation  can  be  controlled  by  opening  or  closing 
the  closet  door.  An  additional  advantage  is  that  the  closet  and 
clothes  therein  are  kept  fresh  and  wholesome.  Openings  in  the 
ceiling  are  of  no  benefit  as  a  means  of  ventilation  unless  louvers  are 
placed  in  the  eaves  of  the  cottage.    (See  PI.  VIII.) 

ARTIFICIAL  ILLUMINATION. 

In  the  artificial  lighting  of  miners'  cottages  it  is  important  to  use 
a  system  that  gives  a  well-diffused  light,  does  not  vitiate  the  atmos- 
phere, and  does  not  increase  the  fire  hazard. 

It  has  been  estimated  that  an  ordinary  gas  jet  will  consume  as 
much  air  as  two  people  and  that  a  kerosene  lamp  will  use  as  much 
as  four  people.  When  to  these  disadvantages  are  added  the  danger 
of  leaking  gas  and  the  menace  of  the  oil  lamp  in  the  presence  of 
children,  it  is  hoped  that  these  methods  will  be  abandoned. 

In  many  mining  towns  the  houses  are  lighted  by  electricity,  and 
this  i^stem  should  be  universally  adopted.    Electric  bulbs  do  not 
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vitiate  the  atmosphere,  and  if  the  house  wiring  is  properly  done 
there  is  practically  no  danger  from  fire.  Note  position  of  electric 
lights  shown  in  Plate  VI. 

FIBEPLACES,  STOVES,  CHUCNEYS^  AKD  VLXTES. 
WASMTH  NECES8ABT  AS  WELL  AS  AIS  AND  LIGHT. 

In  discussing  the  means  of  obtaining  an  abundance  of  air  and 
light,  the  question  of  the  warmth  of  the  house  forthwith  intruded 
itself.  Unfortunately,  fresh  air  during  certain  seasons  of  the  year 
is  also  cold  air,  and  some  artificial  means  must  be  adopted  for  warm- 
ing it.  It  is  believed  by  many  that  breathing  the  artificially  heated, 
stale  air  of  the  house  is  responsible  for  many  of  the  ills  that  afflict 
humanity,  and  the  tendency  seems  to  be  to  revert  to  the  out-of-door 
life.  This  can  be  done  conveniently  during  one^s  sleeping  hours  by 
means  of  a  window  tent,  if  a  sleeping  porch  is  not  practical. 

If  care  is  used  in  the  erection  of  a  house,  the  problem  of  keeping 
the  house  warm  will  be  greatly  simplified;  and  throughout  this 
paper  emphasis  is  placed  upon  construction  details  for  this  reason. 

FURNACES. 

Few  miners'  houses  have  individual  furnaces.  Although  no  one 
will  deny  that  this  system  is  very  convenient,  it  is  felt  that  there  are 
numerous  more  important  improvements  calling  for  attention.  On 
account  of  the  smallness  of  the  miner^s  house,  the  necessity  of  build- 
ing a  cellar  demanded  by  this  arrangement,  and  the  consequent  in- 
crease in  rent,  the  universal  installation  of  such  systems  is  not 
recommended. 

FIREPLACES. 

Fireplaces  and  stoves  are  the  two  methods  usually  adopted  for 
heating  the  small  cottages  in  mining  towns.  The  fireplace  is  not 
as  efficient  as  the  stove  for  keeping  the  room  at  an  even  temperature, 
but  it  is  valuable  as  a  ventilating  apparatus,  as  it  removes  the  im- 
pure air  and  constantly  renews  the  air  in  the  room  by  suction 
through  cracks  in  the  walls  and  around  the  doors  and  windows. 

A  stout  screen  should  be  provided  for  the  fireplace  to  prevent 
sparks  flying  into  the  room  and  to  prevent  accidental  bums  from 
the  open  fire.    Children  particularly  are  subject  to  such  accidents. 

CONSTRUCTION  AROUND  CHIMNEY. 

If  the  chimney  breast  over  the  fireplace  or  mantel  is  to  be  furred 
out  and  finished  with  lath  and  plaster,  only  metal  lath  should  be  used. 
If  the  mantel  is  to  be  of  wood,  it  should  not  project  far  enough  to  be 
blistered  or  ignited. 
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All  Boor  timbers  shonld  be  trimmed  clear  of  the  brickwork  of  the 
hfcrths  and  chimney,  ao  as  not  to  be  in  contact  with  it  at  an;  point. 
Ihis  is  secmvd  by  header  beams,  carried  in  front  of  the  fireplace  and 
it  least  20  inches  from  the  chimney  breast,  supported  by  the  trimmer 
beuDs,  which  enter  the  wall  on  each  side  of  the  chimney.  These 
^nld  not  approach  the  side  of  the  chimney  closer  than  i  inches. 
The  intervening  tail  beams,  as  they  are  called,  are  mortised  into  the 
iwader.  In  this  way  the  floor  beams  are  free  of  contact  with  chimney 
HagB.    (See  fig.  6.) 
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AH  hearths  should  preferably  be  laid  on  trimmer  arches  of  brick  or 
a  r^nforced  concrete  slab  eztraiding  from  the  chimney  breast  to  the 
header  beam  already  described,  so  that  the  hearth  shall  not  rest  upon 
or  near  wooden  beams  in  any  case.  The  length  of  trimmer  arches 
^ould  not  be  less  than  the  width  of  the  chimney  breasts,  nor  their 
width  less  than  20  inches,  measured  from  the  face  of  the  chimney 
breast    (See  fig.  6.) 

STOVES. 

The  most  effective  place  for  a  stove  is  near  the  cold  or  exposed  side 
of  the  room,  possibly  between  two  windows,  so  that  the  chill  may  be 
removed  from  the  cold  air  as  it  enters  the  room.  This  is  on  the  same 
prindple  that  radiators  are  placed  underneath  the  windows.    The 
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position  of  the  chimney  should  be  selected  with  this  thought  in  mind, 
unless  it  is  to  be  used  by  the  stoves  in  two  different  rooms,  in  which 
case  it  must  be  in  the  partition  between  the  rooms.  The  more  efficient 
heating  would  hardly  warrant  the  cost  of  an  additional  chimney. 

It  is  desirable  to  have  a  short  stove  pi^^  so  the  stove  should  be 
near  the  chimney.  The  stove  should  be  placed  far  enough  from  the 
wall  so  that  there  is  no  possibility  of  blistering  the  paint,  and  a  piece 
of  sheet  tin  or  galvanized  iron  should  be  provided  for  the  stove  to 
rest  upon. 

When  a  stove  is  used,  the  windows  should  be  lowered  slightly  to 
insure  an  adequate  supply  of  air. 

The  department  of  public  instruction  of  the  commonwealth  of 
Virginia  describes  in  one  of  its  recent  circulars «  a  method  of  heating 
country  school  rooms  which  might  be  adapted  to  cottages.  It  sug- 
gests that  a  ventilator  be  placed  under  the  stove  to  permit  the  en- 
trance of  fresh  air  and  that  the  stove  be  surrounded  with  a  galvan- 
ized-iron  or  tin  jacket  so  that  the  chill  will  be  removed  from  the 
incoming  fresh  air. 

CENTRAL  HEATING  PLANT. 

In  some  instances  it  might  prove  economical  to  heat  the  houses 
from  a  central  heating  plant.  This  system  deserves  to  be  carefully 
studied,  the  important  factors  being  the  cheapness  of  power,  the 
nearness  of  the  houses  to  the  plant,  and  the  number  of  months  dur- 
ing the  year  that  heat  is  required. 

CONSTRUCTION  OF  CHIMNEYS. 

OHIMZnCT  FLUES.^ 

A  chimney  should  not  be  built  with  the  idea  of  using  it  as  a  heat- 
ing device;  to  do  so  is  dangerous,  but  should  be  so  built  as  to  con- 
duct the  smoke  and  heated  gases  directly  into  the  open  air.  Defec- 
tive flues  are  among  the. most  frequent  causes  of  fire. 

All  chimneys  should  be  built  from  the  ground  up,  and  the  foun- 
dations should  extend  below  the  frost  line.  The  practice  of  sup- 
porting chimneys  or  flues  on  floor  beams  or  wooden  or  iron  brackets 
is  hazardous.  A  small  fire  around  the  base  may  drop  the  flue  and 
allow  draft  for  the  rapid  spread  of  fire. 

HEIGHT  OF  CHIJfNET. 

All  chimneys  should  be  built  to  a  point  at  least  8  feet  above  flat 
roofs  and  2  feet  above  the  ridge  of  gable  roofs.    Down  drafts  are 

•  Form  X,  No.  45. 

^  Most  of  the  following  recommendatlonB  have  been  adopted  from  a  bulletin  iesaed  by 
the  National  Fire  Protection  AsBodatlon. 
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frequoitly  caused  in  diimiieys  in  the  L's  of  buildings,  because  the 
chimnejs  are  not  built  sufficiently  high.  Air  in  motion  has  the 
peculiarity  of  clinging  to  surfaces  over  which  it  passes,  and  in  fol- 
lowing down  the  pitch  of  a  roof,  if  the  chimney  flue  is  in  the 
descending  current,  a  down  draft  will  be  caused.  Often  down 
drifts  may  be  prevented  by  covering  the  top  of  the  chimney  with 
a  semicylindrical  cap  of  brick,  or  similar  device,  having  its  axis 
at  right  angles  with  the  direction  of  the  downward  current  so  that 
the  chinmey  gases  can  issue  from  the  ends  of  the  cap. 

SECTION  THROUGH  CHIMNEY. 

A  chinmey  should  not  be  built  with  a  wall  less  than  8  inches  (two 
coarses  of  brick)  thick  and  cement  mortar  should  be  used  up  to  the 
first  floor  and  above  the  roof  line.  The  walls  of  the  chimney,  from 
12  inches  above  the  roof  to  the  top,  may  be  only  4  inches  thick  if 
the  bricks  are  carefully  bonded  together  with  cement  or  fireproof 
mortar.  All  chimneys  should  be  large  enough  to  give  a  separate 
liue  for  each  fire,  using  fire-clay  or  terra-cotta  linings  at  least  1  inch 
thick.  Two  connections  to  a  single  flue  may  result  in  fire  from  one 
omnection  communicating  to  the  opening  of  the  other,  and  thousands 
of  fires  are  said  to  have  originated  in  this  manner.  Where  flue 
linings  are  not  provided  all  joints  on  the  inside  should  be  struck 
smooth  and  projections  of  brick  pr  mortar  should  not  be  allowed, 
nor  should  the  inside  of  the  flue  be  plastered. 

INTEBIOB  AND  EXTEBIOB  FINISH. 

FLOORS. 

Emphasis  Ls  laid  on  the  necessity  of  making  the  floors  of  plas- 
ieted  houses  less  vibrant  than  was  the  practice  when  the  houses  were 
ceiled  with  wood.  A  number  of  companies  are  now  plastering  their 
houses,  and  unless  the  floor  is  well  braced  the  plastering  will  crack, 
and  an  excellent  sanitary  improvement  will  be  unjustly  discredited. 
The  floor  joists  ^ould  be  spaced  sufficiently  close  and  should  be 
stiffened  by  bridging  to  prevent  vibration. 

A  house  with  cold  floors  is  especially  uncomfortable.  It  is  ear- 
nestly recommended  that  the  floors  of  all  miners'  houses  be  made 
of  two  layers  of  boards,  and  it  is  a  good  plan  to  place  heavy  paper 
between  the  layers.  The  lower  layer  may  be  made  of  rough  boards 
of  irregular  width  and  three-fourths  to  seven-eighths  of  an  inch 
thick,  laid  diagonally.  The  upper  layer  should  be  made  of  narrow 
boards,  preferably  matched,  one-half  to  five-eighths  of  an  inch  thick, 
laid  perpendicularly  to  the  floor  joists  and  blind-nailed  to  the  joists 
only.  If  the  two  were  laid  in  the  same  direction,  the  shrinkage  of 
the  wide  boards  underneath  would  tend  to  pull  two  or  three  of  the 
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narrow  finished  boards  together,  thereby  leaving  open  joints,  corre- 
sponding roughly  to  the  widths  of  the  boards  below. 

The  matched  floor  should  be  given  a  coat  of  filler  paint  and  a 
finishing  coat  of  floor  stain  or  of  varnish.  If  the  floor  is  to  be 
painted,  the  paint  should  contain  a  large  proportion  of  hard  oleo- 
resinous  vainish  and  should  be  heavily  charged  with  dryer.  Numer- 
ous hard,  quick-drying  paints,  especially  adapted  for  floors,  are  on 
the  market.  With  a  view  to  discouraging  the  nailing  of  carpets  to 
the  floor,  which  is  an  insanitary  arrangement  and  is  not  necessarj- 
if  the  house  be  warmly  built,  a  border  should  be  painted  around 
the  edges  of  the  floor. 

PLASTERING. 

Plastered  houses  are  being  built  in  a  number  of  the  new  mining 
towns.  Plaster  makes  a  warm,  clean,  interior  finish  and  is  said  to 
be  less  expensive  than  ceiling  with  wood.  As  a  plastered  house  is 
warmer  than  one  ceiled  with  wood,  greater  window  area  may  l>e 
allowed  and  the  house  made  more  lightsome.  If  plaster  is  used, 
consistent  construction  should  be  followed  in  other  respects.  Atten- 
tion is  again  called  to  the  necessity  of  good  foundations  and  rigid 
floors;  otherwise  big  sheets  of  plaster  may  fall  off  and  expensive 
repairs  and  imsightly  walls  result.  Good  material  should  be  used 
and  the  laths  should  be  laid  one-fourth  to  three-eighths  of  an  inch 
apart,  so  that  the  plaster  will  form  a  good  clinch  on  the  back  of  the 
laths.  The  laths  on  a  wall  should  all  be  laid  in  the  same  direction : 
the  shrinkage  of  laths  that  are  placed  at  right  angles  to  one  another 
often  causes  plaster  to  crack. 

PLASTER   BOARDS. 

Plaster  boards  of  various  compositions  are  used  in  place  of  lath 
and  plaster.  This  construction  is  said  to  be  cheaper,  more  resistant 
to  fire,  and  to  furnish  better  protection  against  extremes  in  weather. 

PAPERING. 

Although  wall  paper  at  fii'st  may  furnish  an  artistic  charm,  it 
soon  fades,  becomes  dirty,  and  gets  torn,  and  makes  anything  but 
a  pleasing  appearance.  Perhaps  the  danger  of  arsenic  poisoning 
from  the  green  coloring  matter  in  wall  paper  has  been  overexag- 
gerated,  but  this  and  other  coloring  may  give  off  odors  which  are 
unpleasant  if  not  dangerous.  The  flour  paste  which  is  used  in  hang- 
ing the  paper  will  slowly  putrefy,  which  helps  to  cause  the  musty 
smell  characteristic  of  houses  that  have  been  closed  for  some  time. 
This  flour  paste  also  furnishes  food  for  vermin,  and  when  these  get 
concealed  under  the  paper  it  is  difficult  to  destroy  them.  With  a 
view  to  preventing  this,  an  insecticidal  solution  is  sometimes  mixed 
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with  the  paste.  The  fibrous  pores  of  the  wall  paper  may  harbor 
germs  if  the  house  has  been  occupied  by  a  person  suffering  from  a 
contagious  disease.  Because  of  the  expense  of  removing  old  paper 
when  a  room  is  repapered,  the  dirty,  greasy  paper  is  often  covered 
over  with  the  new  paper,  and  this,  of  course,  intensifies  the  evils 
heretofore  mentioned. 

If  wall  paper  is  to  be  used,  a  good  way  to  insure  proper  hanging 
of  the  paper,  one  practiced  by  several  companies,  is  to  have  the 
t^ant  furnish  the  paper  and  to  have  a  representative  of  the  company 
hang  it.  This  is  much  better  than  the  reverse  arrangement,  which 
is  adopted  at  some  places. 

INTERIOR  PAINTING   AND   KALSOMINING. 

The  substitutes  for  wall  paper  are  painting,  kalsomining,  and 
tinting.  *  New  plaster  does  not  take  paint  well,  because  of  its  alka- 
line character,  and  newly  plastered  walls  are  best  allowed  to  remain 
nnpainted  for  at  least  a  year.  Various  and  attractive  tints  may  be 
applied  whose  chai-m  and  interest  last  much  longer  than  many  of 
the  gaudy  designs  seen  in  cheap  wall  paper.  Oftentimes  figures  may 
be  stenciled  around  the  border,  which  will  improve  appearance  and 
&dd  contrast. 

INTERIOR  WOODWORK. 

AH  the  interior  woodwork,  as  baseboards,  window  and  door 
frames,  moldings,  and  stair  rails,  should  be  plain  and  without  such 
ornamentation  as  flutings,  ogee  curves,  headings,  and  filigi*ee  de- 
signs. None  of  the  woodwork  should  be  installed  until  the  plaster 
has  dried.  It  is  best  to  keep  the  woodwork  out  of  the  house  while 
plastering,  so  that  it  will  not  absorb  the  moisture  given  off  by  the 
plaster.  The  ledges  should  be  beveled  and  the  intersections  between 
floors  and  walls  should  be  filleted  with  a  triangular  piece,  instead  of 
the  quarter  round  that  is  used  so  extensively.  Picture  molding 
should  not  be  used,  but  knobs  should  be  screwed  into  the  walls  at 
places  where  pictures  might  be  hung  to  good  advantage.  Attention 
to  these  little  details  will  reduce  the  number  of  dust  pockets  and 
crevices,  which  are  difficult  to  clean,  and  will  lessen  rather  than  in- 
crease the  cost  of  the  house. 

MODEL  FURNISHED   HOUSE. 

It  is  not  desirable  for  the  company  to  dictate  the  methods  of  fur- 
nishing houses.  Even  if  conditions  are  not  up  to  the  desired  stand- 
ard of  sanitary  perfection  the  evils  arising  from  interfering  in  the 
home  might  incur  graver  consequences.  It  is  none  the  less  true  that 
some  discreet  niethod  of  showing  good  and  bad  interior  arrange- 
ment?  would  cause  dedrable  information  to  be  diffused  in  the  min- 
ing town.     Such   information   reaches   the  miner's  house   slowly 
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unless  special  efforts  are  made  to  disseminate  it.  The  isolation  and 
homogeneity  of  a  mining  population,  the  great  number  of  non- 
English-speaking  people,  their  recent  advent  into  this  country,  the 
absence  of  libraries  and  lectures,  and  the  scarcity  of  newspapers 
and  magazines  make  some  such  effort  desirable. 

On  this  account,  in  addition  to  the  regular  educational  channels, 
as  the  schools,  some  companies  have  employed  visiting  nurses  and 
social  workers  whose  duties  are  to  render  assistance  along  such 
lines  as  fiunishing  the  house,  cooking,  modem  methods  of  taking 
care  of  the  baby,  etc.  In  addition  to  special  training  and  experi- 
ence, great  tact  must  be  exercised  by  the  person  or  persons  employed 
in  this  work  if  permanent  good  is  to  be  accomplished. 

One  progressive  company  has  successfully  and  tactfully  met  this 
problem  by  setting  aside  a  cottage  and  furnishing  it  in  a  clean,  modest, 
up-to-date  manner  and  throwing  it  open  to  the  public  for  exhibition. 
The  cost  of  each  piece  of  furniture  is  plainly  marked  and  the  total 
cost  of  furnishing  each  room  is  conspicuously  printed  on  a  placard. 
This  feature  also  thwarted  another  local  evil,  namely,  the  imposition 
of  unscrupulous  furniture  dealers  who  sold  furniture  on  the  install- 
ment plan  at  exorbitant  prices. 

The  educational  feature  of  the  exhibition  house  might  be  carried 
further  to  advantage.  A  placard  on  the  bedstead  might  call  atten- 
tion to  the  position  of  the  bed  relative  to  the  windows,  another  may 
explain  that  an  iron  bedstead  is  not  broken  so  easily  as  a  wooden 
one,  affords  better  ventilation,  and  is  more  easily  kept  free  of 
vermin.  Attention  should  be  called  to  the  bedclothes  and  to  the 
advantage  of  sleeping  between  sheets  in  order  that  heavy  blankets 
will  not  have  to  be  washed  so  frequently.  The  sleeping  room  should 
be  free  from  unnecessary  furniture,  pictures,  trinkets,  drapings, 
canopies  around  the  bed,  fancy  table  coverings  whereby  a  lamp 
might  be  upset  by  a  child,  mantel  decorations,  etc.  There  should  be 
no  carpet  nailed  on  the  floor  and  the  windows  should  not  have  lace  ^ 
draperies.  An  appropriate  placard  could  state  that  lace  curtains,] 
carpets,  and  draperies  offer  collecting  places  for  dust  and  germs 
and  make  the  living  rooms  less  healthful.  The  windows  should  be 
screened,  and  the  necessity  of  opening  the  window  from  the  top  and 
bottom  should  be  suggested. 

The  above  suggestions  will  serve  to  indicate  how  inroads  may 
be  made  into  local  customs  or  fetishes  without  causing  friction. 


THE  VERANDA. 
XMPOBTANCE   OF   THE   VESANDA. 


One  of  the  most  impoi*tant  health  features  of  a  house  is  the 
veranda.  It  is  sometimes  called  a  piazza,  a  porch,  or  a  gallery,  ^^ 
is  an  invaluable  asset  in  seasonable  weather.    No  house  should  ever 
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be  built  without  at  least  one  veranda.    The  veranda  also  serves  to 
add  beauty  and  variety  to  the  house. 

FOinVDATIONS   OF  VEKANDA. 

The  foundations  of  the  veranda  should  be  strong  and  stable.  If 
piers  are  used  they  shoidd  be  inclosed  by  latticework,  especially 
those  of  the  front  veranda.  A  variety  of  designs  may  be  used  on 
the  latticework ;  broad  horizontal  bars  reduce  the  ''  up  in  the  air  '^ 
appearance  of  a  high  veranda,  and  vertical  bars  relieve  the  ^'squatti- 
oess^of  a  low  one. 

FLOOB   OF   TS&AJTDA. 

The  veranda,  especially  the  one  in  the  rear,  should  be  built  with 
the  thought  that  it  is  frequently  to  be  used  as  a  playroom  for  chil- 
dren and  as  an  airing  place  for  babies.  It  should  be  so  arranged  that 
the  child  can  be  left  with  safety  while  the  mother  performs  the 
household  duties.  Sometimes  the  floor  of  the  veranda  is  laid  with 
a  {-inch  crack  between  the  boards,  chiefly  for  the  purpose  of  shed- 
ding water.  Such  a  floor  is  uncomfortable  to  walk  upon,  especially 
for  children  with  bare  feet,  and  money  or  trinkets  may  be  dropped 
through  the  cracks.  A  better  method  is  to  put  in  a  tight  floor  with 
a  pitch  of  one-fourth  inch  per  foot.  The  boards  of  the  floor  should 
be  laid  perpendicular  to  the  side  of  the  house  so  that  if  they  warp 
Dp  at  the  edges  the  channels  formed  will  be  in  the  direction  of  the 
Sow.  The  floor  should  be  made  of  quarter-sawed  wood  so  that  it 
win  not  sliver.  The  level  of  the  veranda  floor  should  be  a  few 
indies  below  the  level  of  the  main  floors  of  the  house. 

BALU8TBAOE  OF  VERANDA. 

The  railing  or  balustrade  should  be  designed  with  a  view  to  sim- 
plicity, safety,  and,  above  all,  durability.  It  must  be  kept  in  mind 
that  the  balustrade  may  be  frequently  used  as  a  f ootrest  or  seat.  The 
top  and  bottom  rails  should  be  beveled  to  shed  water  and  the  bottom 
rail  should  be  a  few  inches  above  the  floor.  Frail,  fancy-turned  verti- 
cal pieces  should  not  be  used ;  plain  rectangular  pieces,  closely  spaced, 
are  better.  If  the  floor  of  a  front  veranda  is  near  the  ground  the 
balustrade  may  be  omitted  if  the  yard  has  a  front  fence,  but  if  the 
front  fence  is  omitted  (see  '^Fences")  the  balustrade  adds  a  needed 
touch  of  privacy.  A  pleasing  and  inexpensive  column  may  be  built 
by  using  two  2*inch  by  4-inch  scantlings  separated  a  few  inches  and 
interlaced  with  narrow  strips.  The  scantling  should  be  dressed  on  all 
sides  and  the  sharp  comers  chamfered. 

YKRAHDAS   WITH  AND   WITHOUT  BOOFS. 

At  times  it  may  prove  advisable  to  omit  the  roof  of  the  veranda, 
as  this  is  frequently  the  cause  of  dark,  sunless  rooms.    Frequently 
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kitchens  have  only  one  side  exposed,  and  if  the  windows  on  this  side 
are  shadowed  by  the  veranda  roof  that  much-used  room  is  made 
cheerless.  If  the  veranda  is  on  the  north  side  of  the  house  the  roof 
might  be  omitted  with  advantage  or  if  the  house  has  two  verandas 
the  roof  might  be  omitted  from  one.  It  is  undesirable  to  darken  the 
verandas  with  vines,  but  the  use  of  flower  boxes  should  be  encour- 
aged. If  the  roof  of  the  veranda  is  built  flat  or  with  a  slight  pitch, 
it  may  be  developed  into  an  out-of-door  sleeping  porch  by  the  ten- 
ant. It  appears  an  unnecessary  expenditure  to  box  in  underneath 
the  veranda  roof;  this  makes  a  more  finished  interior  appearance, 
but  does  not  add  to  the  general  appearance  of  the  veranda.  This 
boxed-in  space  slightly  increases  the  fire  hazard. 

"  BUILT-ON  "  VERSUS  "  BUILT-IN  "  VERANDAS. 

The  "  built-in  "  veranda  should  seldom  be  used  on  miners'  houses, 
because  of  its  expensiveness.  This  type  of  veranda  robs  the  interior 
rooms  of  valuable  space  and  is  not  so  open,  well  ventilated,  or 
breezy,  and  does  not  furnish  such  a  variety  of  outlook  as  does  the 
"built-on"  veranda. 

VERANDA    STEPS. 

The  steps  are  a  part  of  the  miner's  house  that  are  frequently  out 
of  repair.  This  is  generally  due  to  cheap  and  thoughtless  construc- 
tion, and  not  to  abuse.  Although  the  steps  are  not  designed  as  can- 
tilevers, they  frequently  become  such  in  usage  by  the  washing  away 
of  ground  support.  The  part  of  the  steps  in  contact  with  the  ground 
should  rest  on  a  permanent,  unmovable,  substantial  foundation. 
The  stringers  should  be  of  2-inch  stock,  spaced  about  16  or  20  inches 
apart.  The  treads  should  be  made  of  l^-inch  stock,  and  should  be 
slightly  pitched  to  shed  rain.  The  risers  should  be  made  of  J-inch 
stock,  but  should  alwavs  be  boarded  up  for  safety.  The  appearance 
of  the  steps  is  improved  by  latticing  the  sides. 

The  angle  of  the  flight  of  steps  often  depends  upon  the  height  of 
the  veranda,  but  should  never  be  steeper  than  45°.  The  following 
rules  are  frequently  used:  The  sum  of  the  rise  and  nm  should  be 
equal  to  17  to  17^  inches.  The  sum  of  twice  the  rise  plus  the  run 
should  not  be  less  than  24  nor  more  than  25  inches — for  example,  7^- 
inch  rise  and  10-inch  tread*  The  product  of  the  rise  and  run  should 
not  be  less  than  70  nor  more  than  75.  Handrails  should  always  be 
added  on  high,  steep  steps.  When  it  only  requires  one  or  two  steps 
to  mount,  these  can  be  advantageously  made  from  concrete. 

As  formerly  stated,  appearances  can  at  times  be  impipoved  by 
having  front  steps  sidewise  to  rather  than  facing  the  street,  and  at 
times  a  combination  of  both  directions  may  be  used  to  advantage, 
particularly  on  verandas  that  are  rather  high.    It  is  economical  to 
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hive  the  steps  of  a  front  veranda  lead  up  from  the  footwalk,  which 
rnns  from  the  front  to  the  back  of  the  house.  This  does  away  with 
the  necessity  of  two  front  gates  and  the  front  f ootwalls,  and  does  not 
cat  up  the  front  yard.  The  indirectness  of  the  approach  by  having 
the  steps  at  the  side  (see  fig.  4)  is  of  small  consequence. 

0UTSU>E    PAINTING. 

One  of  the  predominant  characteristics  of  mining  towns  has  been 
the  sameness  of  all  the  houses,  which  has  been  largely  caused  by  the 
houses  being  painted  the  same  color.  The  appearance  of  a  town  is 
greatly  improved  by  various  combinations  of  harmonious  colors. 

It  is  claimed  that  more  durable  results  are  obtained  when  tinted 
rather  than  white  paints  are  applied.  "Permanent  coloring  ma- 
terials which  have  been  ground  by  machine  into  a  high-grade  white- 
paint  base  have  the  effect  of  preventing  '  chalking '  and  '  checking/ 
two  defects  that  are  often  observed  when  white  paints  are  used."  * 

In  painting  new  houses  the  priming  coat  should  contain  a  large 
proportion  of  oil,  since  much  oil  is  absorbed  by  the  new  wood.  It  is 
considered  good  practice  to  add  about  a  half  gallon  of  raw  linseed 
oil  to  every  gallon  of  paint  used  as  a  priming  coat.  This  makes  the 
paint  for  priming  cheaper  and  better  adapted  for  its  purpose. 

Very  often  blisters  form  in  paint  applied  over  woodwork  which 
has  not  thoroughly  dried.  As  the  paint  film  is  comparatively  im- 
pervious, the  water  underneath,  not  being  able  to  escape,  expands 
and  forms  a  blister.  To  avoid  blistering  it  is  recommended  by  some 
to  apply  only  two  coats  of  paint  to  a  new  house.  The  thinness  of  the 
two  coats  will  allow  the  moisture  to  evaporate,  and  when  the  house 
is  a  few  years  old  and  thoroughly  dried  a  third  coat  may  be  added 
with  good  effect.  Better  results  are  claimed  for  this  method  than  by 
adding  the  three  coats  at  one  time. 

USE  OF   CREOSOTE  STAINS. 

Creosote  stains  are  being  used  to  a  large  extent  as  a  substitute  for 
paint  Creosote  has  numerous  advantages.  It  is  cheaper,  both  in 
cost  of  material  and  cost  of  application ;  it  permits  the  evaporation 
of  moisture  contained  in  the  wood  and  has  valuable  preserving  quali- 
ti^.  Paint  may  be  added  after  the  wood  has  been  stained  with 
creosote,  if  later  a  greater  variety  in  color  is  desired. 

FOUNDATIONS. 
TYPES  OF  FOUNDATIONS. 

The  foundation  of  the  house  will  be  discussed  both  as  regards 
healthfulness  and  stability.    The  heated  house  acts  like  a  chimney 

•Institute  of  Industrial  Research,  Circular  2,  December,  1911. 
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and  much  of  the  air  that  enters  the  rooms  is  sucked  up  from  the 
cellar.  It  is  consequently  important  to  see  that  this  air  is  not 
vitiated,  or  the  value  of  other  ventilating  precautions  is  greatly 
lessened. 

The  air  that  comes  up  from  under  the  house  may  be  a  combina- 
tion of  atmospheric  air  and  ground  air,  the  relative  quantities  of  each 
depending  to  some  extent  upon  the  type  of  foundation.  The  amount 
of  ground  air  entering  the  rooms  is  larger  in  houses  having  unventi- 
lated  cellars  without  cement  floors  than  in  houses  resting  on  piers. 
However,  unless  the  openings  between  the  piers  are  inclosed  with 
boards,  local  nuisances  may  arise  which  will  cause  the  air  to  become 
foul  before  it  enters  the  rooms.  The  effect  of  the  closed  foundations 
on  the  warmth  and  comfort  of  the  house  must  be  given  proper  con- 
sideration. 

It  is  important  to  see  that  the  space  underneath  the  house  is  kept 
dry  and  free  from  dampness.  If  the  soil  is  damp  it  will  increase  the 
moisture  content  of  air  entering  the  house  and  will  promote  disa- 
greeable fungus  growths. 

GROUND  AIB. 

The  ground  air»  is  the  atmospheric  air  that  has  penetrated  into 
the  interstices  of  the  soil  and  has  taken  part  in  the  various  chemical 
changes  in  connection  with  vegetable  growth  and  decay.  When 
decay  is  going  on  the  carbon  dioxide  content  increases  and  the  oxygen 
content  decreases.  Many  of  the  views  formerly  held  on  the  danger 
of  breathing  ground  air  per  se  are  being  changed.  Breathing  in 
small  quantities  the  air  affected  by  such  natural  changes  may  do  no 
great  harm;  if,  however,  the  ground  inmiediately  surrounding  the 

house  is  polluted  with  kitchen  slops  and  leachings  froni  defective 
drains,  choked  cesspools,  privy  vaults,  pigpens,  and  stables,  aside 

from  the  direct  dangers  of  infection,  these  conditions  doubtless  exer- 
cise an  unwholesome  influence  on  the  air  breathed. 

ADVANTAGES  OF  FOUNDATION  WALLS. 

Walls  or  piers  of  masonry  or  timber  posts  may  be  used  as  founda- 
tions for  the  miner^s  house.  Although  the  choice  of  these  depends 
largely  upon  local  conditions,  the  use  of  the  wall  in  preference  to 
posts  is  urgently  advised.  The  wall  is  necessary  for  a  masonry  house 
and  is  essential  in  extremely  cold  climates,  but  even  where  these  con- 
ditions do  not  apply,  the  foundation  wall  has  many  advantages. 

Building  a  house  on  widely  spaced,  inadequately  braced  wooden 
posts  or  imperfectly  laid  masonry  piers,  which  rest  on  cheaply  im- 
provised footings  is  false  economy.    Frost  action,  weathering,  and 

«  For  dlscQBslon  on  signljacance  of  ^oand  air,  see  Bohe,  George  H.,  and  Bobln,  Albert, 
Textbook  on  hygtene.  1908,  p^  161. 
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sor&oe  washes  weaken  the  supports;  the  house  timbers  settle  and 
sig]  leaking  roofs,  unclosable  doors,  and  sticking  windows  result ; 
pitcbes  and  repairs  are  constantly  needed ;  tenants  are  always  com- 
phming.  M(»reoyer,  a  greater  number  of  plastered  houses  are  being 
erected  now  than  formerly,  because  they  are  warm,  cheap,  and  clean. 
llieae  require  a  much  better  support  than  the  old  type  wooden-ceiled 
hoDse,  as  a  s^tling  that  can  occur  with  impunity  in  the  latter  will 
ciQSB  expensive  damages  to  the  plastered  house. 

OONSTBUCnON  OF  WALLS. 

Concrete,  artificial  stone,  brick,  terra  cotta,  and  rubble  may  be 
Qsed  for  walls,  but  usually  concrete  will  be  least  expensive,  especially 
where  a  large  number  of  houses  are  to  be  erected. 

On  a  level  lot  a  wall  is  not  an  expensive  foundation.  If  the  drain- 
age of  the  town  site  has  been  improved  there  is  no  necessity  of  having 
the  walls  3  or  4  feet  high  merely  to  have  the  house  '^  off  the  ground,'^ 
8  wall  12  inches  above  sidewalk  level  serves  the  purpose.  It  would 
be  better  to  place  the  extra  concrete  below  the  surface,  so  that  the 
bottom  of  the  foundation  will  extend  below  the  frost  line.  It  is  not 
itecessary  to  have  the  entire  wall  extend  below  the  frost  line ;  columns 
e^ery  8  or  10  feet  are  sufficient. 

If  care  is  taken  with  the  subsurface  wall  the  exposed  part  need  not 
be  more  than  10  inches  thick.  Metal  forms,  which  may  be  used  over 
and  over  again,  should  be  considered  if  much  concrete  is  to  be  laid. 
^  exposed  part  should  have  ventilating  holes,  the  openings  of 
vhich  should  not  be  large  enough  to  permit  entrance  of  rats.  Cast- 
ircm  gratings  are  sold  which  serve  the  purpose,  or  narrow  vertical 
^ts  may  be  left  which  do  not  require  any  grating  and  may  also  be 
^ective  as  expansion  joints.  Before  the  floor  system  is  laid  all 
^bs,  chips,  and  trash  should  be  removed  from  the.  inclosure. 
^ftUs  permit  the  use  of  smaller  sills  and  also  do  away  with  the  neces- 
sity of  diagonal  bracing  and  of  boarding  up  the  inclosure. 

8FICIAL    WALLS. 

On  sloping  lots  a  stepped  foundation  wall  should  be  built.  On  a 
^^  steep  hillside  lot  the  ordinary  masonry  foundation  wall  is 
^ery  expensive  and  it  may  be  more  economical  not  to  use  some  lots 
^or  a  dwelling.  Under  some  circumstances  it  may  be  feasible  to 
boild  a  foundation  wall  consisting  of  concrete  piers  to  carry  the  main 
1^  and  have  these  connected  by  a  thin  curtain  wall. 

CELLAB. 

A  small  cellar  about  8  feet  square  should  be  excavated  under  the 
<^er  of  the  house.  The  cellar  should  be  walled  up  and  the  en- 
tranoe  diould  be  from  the  outside.    Such  a  small  basement  makes 


38  HOUSES  FOR   MINING  TOWNS. 

a  oool  place  to  keep  milk  and  butter,  as  ice  is  not  available  in  most 
mining  towns,  and  furnishes  a  storage  place  for  vegetables  for  use 
during  the  winter. 

PIESS. 

In  a  warm  climate,  if  a  frame  house  is  to  be  erected,  piers  that  are 
properly  designed  and  adequately  spaced  and  braced  make  a  satisfac- 
tory and  economical  foundation.  Wooden,  concrete,  and  brick  piers 
are  used,  but  the  best  pier  requires  a  combination  of  these  materials. 
In  any  pier  the  footing  is  the  most  important  part.  The  footing 
should  have  a  good  bearing  surface  and  be  permanently  fixed  so 
that  it  is  not  affected  by  weathering,  surface  washing,  or  frost 
action.  Brick  laid  in  mortar  does  not  make  a  satisfactory  or  econom- 
ical footing ;  concrete  is  preferable.  The  material  of  the  pier  neces- 
sarily depends  upon  circumstances.  In  a  low  pier  10  or  12  inches 
high,  a  wooden  post  is  not  satisfactory,  because  of  lightness  and 
liability  of  splitting;  masonry  should  be  used.  For  a  high  founda- 
tion, brick  or  concrete  piers  are  difficult  to  brace;  wooden  posts 
on  a  concrete  footing  are  better.  The  footing  should  extend  a  few 
inches  above  the  ground  and  be  mixed  wet  and  be  puddled  to  a 
smooth  surface  to  furnish  a  good  bearing  and  to  prevent  water 
from  collecting  underneath  the  post.  Plastering  the  footing  with 
cement  after  the  concrete  has  set  is  not  effective. 

NECESSITY   OF   CLOSING   UP   THE    SPACE   UNDERNEATH    THE    HOUSE. 

If  the  openings  between  the  piers  are  not  boarded  up  experience 
has  shown  that  this  shelter  will  be  used  in  ways  injurious  to  health. 
Cows,  hogs,  geese,  hens,  dogs,  cats,  or  rabbits  may  get  under  the 
house  and  fleas,  vermin,  and  lice  may  gain  entrance  to  the  house  in 
this  way.  In  winter  the  warm  house  acts  as  a  chimney  and  the 
unhealthful  odors  caused  by  these  animals  are  sucked  up  into  the 
rooms.  The  opportunity  for  children  to  play  underneath  the  house 
should  not  be  permitted,  as  the  atmosphere  there  is  impregnated 
with  organic  dust  which  may  cause  injury  to  the  child's  lungs.  This 
space  if  accessible  might  be  used  as  a  storeroom  for  old  broken  fur- 
niture, which  furnishes  breeding  places  for  vermin  and  increases 
the  fire  hazard.  Leaving  the  foimdation  open  exposes  the  floor  to 
the  winds  and  makes  the  house  uncomfortable  in  cold  winter  months- 
The  additional  money  spent  in  boarding  up  between  the  piers  will 
be  well  invested. 

FBAJCEW0BK.0 
KNOCKED-DOWN   HOUSES. 

When  a  large  number  of  houses  is  to  be  framed  there  may  be  econ- 
omy in  adopting  a  system  of  construction  similar  to  that  used  in  the 

•  For  detailed  InformaUon  on  the  construcUon  of  a  house,  see  Cyclopedia  of  architecture. 
carpentry,  and  building,  vol.  2.  1008,  pp.  27-118;  Kidder,  F.  R.,  Building  ronstmctlon 
and  super  in  tendonco.  pt.  2,  1899.  pp.  4*V-10e. 
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erection  of  modem  steel  buildings.  This  means  the  standardization 
m  the  drafting  room  and  the  sawing,  planing,  and  fitting  by  machin- 
eij  in  the  shop  of  all  of  the  heavy  timbers,  as  sills,  girders,  posts, 
studs,  joist  studs,  and  rafters,  marking  each  piece  and  distributing 
them  at  the  proper  lot  for  erection.  There  is  a  saving  of  labor  be- 
cvxat  of  the  greater  efficiency  of  power-driven  machines  over  hand 
tools,  and  in  instances  where  the  company  operates  its  own  sawmills 
much  material  can  be  saved  by  cutting  the  logs  the  desired  length. 
This  system  requires  careful  planning  and  intelligent  supervision. 

There  are  some  house-building  companies  that  carry  the  idea  much 
further,  not  only  cutting  the  heavy  pieces  to  fit  but  also  the  sheath- 
ing, siding,  molding,  rails,  steps,  etc.  These  pieces  are  marked  and 
the  knocked-down  houses  shipped  to  any  point  in  the  United  States. 

TYPES  OP  FRAMES. 
THE   BRACED    FRAME. 

There  are  two  types  of  frame  houses ;  one  is  known  as  the  ^'  braced '' 
frame  and  the  other  as  the  "balloon"  frame.  The  braced  frame 
is  seldom  used  now  on  account  of  its  expense,  but  a  short  descrip- 
tion will  be  given,  as  some  of  its  features  might  be  adopted  advan- 
tageously under  certain  circumstances.  In  this  type  the  sills,  posts, 
girders,  and  plate  are  all  mortised  and  pinned  together,  and  the 
posts  are  diagonally  braced  by  heavy  members,  which  are  mortised 
and  pinned.  The  studs  are  all  mortised  into  the  sill,  girder,  and 
plate.  The  strength  of  a  braced  frame  is  independent  of  the  sheath- 
ing, and  it  is  therefore  less  liable  to  become  distorted  than  a  balloon 
frame.  The  braced  frame  was  used  when  lumber  and  labor  were 
cheap  and  nails  were  expensive.  The  old  colonial  houses  were  of  this 
type,  which  helps  to  explain  their  remarkable  durability. 

BALLOON  FRAME. 

The  balloon  frame  is  composed  of  lighter  pieces  and  is  more 
quickly  erected.     The  main  timbers  are  held  together  largely  by 
spikes  and  the  studs  are  simply  nailed  to  the  sill  and  extend  from 
the  sQl  to  the  plate,  the  girder  being  omitted.    If  the  studs  are  not 
long  enough  they  are  spliced.    In  place  of  the  girder  a  1-inch  by 
7-inch  board,  called  the  false  girder  or  ribbon,  is  nailed  on  the 
inside  of  the  studs  to  support  the  second-floor  joists.    On  each  side 
of  all  door  and  window  openings  the  studs  should  be  doubled,  and 
in  two-story  balloon-frame  houses,  where  it  is  necessary  for  the 
studs  to  extend  the  full  height  of  the  wall,  it  is  desirable  to  have  the 
windows  of  the  second  story  directly  over  those  of  the  first.    The 
balloon  frame  depends  for  its  strength  largely  on  the  sheathing 
which  binds  the  framew^ork  together,  and  for  that  reason  the  sheath- 
ing should  be  put  on  diagonally. 
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COlfBISATiaif  FK&UK. 

A  combination  of  the  above  two  methods  is  sometimes  used.  The 
braced  frame  ia  adopted  as  far  as  sills,  posts,  girders,  and  braces  at-e 
concerned,  but  the  studs  are  mortised  at  the  lover  ends  and  are  oaXy 


FiODBB  T, — iQGorrMt  method  of  framing  ■  bouse. 

spiked  at  the  upper  ends.  If  the  siding  or  clapboards  ore  to  be 
nailed  directly  to  the  studs  (the  sheathing  being  omitted),  the 
method  of  framing  is  very  important  and  a  combination  frame 
should  be  considered. 
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Under  the  subject  of  '^  Foundations  '^  attention  was  called  to  the 
evils  caused  by  the  settling  of  the  house,  and  remedial  measures,  in 
so  far  as  the  foundation  was  concerned,  were  suggested.  Settling  is 
ilso  caused  by  the  shrinkage  of  timbers,  and,  although  this  can  not 
be  avoided  entirely,  it  may  be  minimized  by  using  well-seasoned 
timber  and  by  erecting  the  house  in  the  warm,  dry  season. 

The  most  practical  remedy  lies  in  controlling  the  shrinkage  so 
that  it  is  equally  distributed.  This  can  be  easily  done  if  certain 
simple  principles  are  understood  and  enforced.  The  amount  that 
timber  shrinks  along  the  grain  is  imperceptible  and  may  be  ignored. 
The  chief  shrinkage  is  across  the  gram,  and  in  ordmary  spruce  or 
white  pine  this  may  amount  to  one-half  inch  for  every  foot  of  cross 
gnin.  It  is  therefore  important  to  keep  the  amount  of  horizontal 
timber  in  the  outside  walls  approximately  the  same  as  in  the  interior 
walk  Timbers  placed  vertically  or  on  end  do  not  contribute  to  the 
shrinkage,  Figure  7  shows  how  the  above  practice  is  ignored  and 
figoie  8  shows  how  the  settling  due  to  the  shrinkage  may  be  appre- 
ciably reduced. 

OTHER  DETAHA. 

The  sill  should  be  set  in  a  bed  of  cement  mortar  and  the  bottom 
side  should  be  painted  with  two  coats  of  linseed-oil  paint  to  prevent 
the  timber  from  absorbing  moisture  from  the  foundation  wall.  The 
broad  side  of  the  sill  should  rest  on  the  foundation  wall,  but  the 
oarrow  side  should  face  down,  if  piers  are  used.  The  sill  should  be 
set  back  an  inch  from  the  edge  of  the  wall  so  that  a  water  table 
(see  fig.  8)  may  be  built  to  shed  the  rain  that  drains  down  the  side 
of  the  house. 

Special  attention  is  also  called  to  the  method  of  framing  around 
a  chimney,  and  under  no  consideration  should  any  timbers  come 
in  contact  with  or  rest  upon  the  brickwork  of  the  chinmey.  (See 
fig-  6.)  The  2  by  4  inch  piece  inserted  between  the  studs  of  a 
balloon  frame  on  the  outside  wall  at  the  second  story  is  known  as 
the  ^  fire  stop.''  (See  fig.  8.)  In  case  of  fire  it  helps  to  prevent  the 
fire  from  creeping  from  the  bottom  story  or  basement  up  between 
the  partitions  to  the  roof.  It  also  helps  to  make  the  house  more 
comfortable  by  preventing  circulation  of  air  between  the  partition 
walls.  

THE  BOOF. 
ADVANTAGES  OF  OABLZ}  BOOF. 

When  the  roof  slopes  back  from  the  ends  of  the  building  the  same 
S8  at  the  sides  it  is  called  a  hipped  roof.  The  well-known  gable  roof 
tnd  the  hipped  roof  are  the  types  most  frequently  used  on  small, 
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inezpenflive  houses.  In  large  houses  the  size  of  the  span  afiFects  tlie 
tjrpe  of  roof  selected.  In  approximately  square  hooses  the  hippeiS 
roof  is  very  popular.  Although  this  roof  requires  less  material 
(considering  the  saving  of  gable  walls)   than  the  gable  type,   it    is 
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questionable  whether  it  is  more  economical.  The  labor  on  it  is  more 
oxpensivej  because  the  rafters  must  be  cut  in  many  differwit  lengths, 
and  four  or  five  ridges  must  be  framed  and  flashed,  as  compareiJ 
with  the  one  of  the  gable  roof.    In  case  the  attic  space  is  ventilated. 
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as  it  should  be,  dormer  windows  are  necessary  on  the  hipped  roof, 
ffiiereas  a  less  expensive,  plain  window  may  be  inserted  in  the  gable 
ends  of  the  gable  roof.  Another  advantage  of  the  gable  roof  is  that 
the  lineal  feet  of  gutters,  cornice,  etc.,  is  reduced  one-half.  Atten- 
tion is  called  to  the  different  effects  that  may  be  obtained  by  chang- 
ing the  direction  of  the  ridge  on  a  gable  roof,  and  this  resort  may 
often  improve  the  lighting  of  the  adjoining  houses. 

XECBSSITT  OF  A  PLAIN  ROOF. 

The  roof  of  the  house  is  frequently  used  as  a  means  of  getting 
ornamental  effects,  but  in  this  bulletin  it  is  discussed  chiefly  as  re- 
gards durability  and  incombustibility.  A  plain  roof  with  just  as  few 
ridges  and  valleys  as  possible  is  advocated,  because  these  increase 
the  cost,  and  it  is  at  the  intersections  that  leaks  frequently  develop. 
Fancy  trimniings  on  the  ridges  should  be  omitted. 

FLASHINGS. 

It  is  important  that  the  ridges,  valleys,  and  chinmey  should  be 
carefully  flashed.  Tin  perhaps  makes  the  best  and  least  expensive 
flashing  material,  but  it  should  be  painted  on  both  sides.  A  good 
paint  for  this  purpose  is  one  made  of  I'ed  lead  and  linseed  oil.  The 
chimney  should  be  surrounded  by  lead  counterflashings  in  addition 
to  the  tin-apron  flashing.  Flashings  on  valleys  are  frequently  cut 
too  narrow,  with  the  result  that  they  overflow  during  heavy  rains 
and  the  water  works  its  way  under  the  shingles  and  leaks  result.  On 
roofe  having  a  pitch  of  45°  or  more  the  flashing  should  be  done  with 
strips  of  tin  at  least  18  inches  wide,  and  on  roofs  of  less  pitch  it 
should  be  at  least  20  inches  wide.  The  end  joints  on  flashings  should 
be  locked  and  soldered. 

PITCH. 

The  pitch  or  slope  of  a  roof  depends  largely  upon  the  climate  and 
(he  character  of  roofing  material  to  be  used.  In  a  damp,  cold  locality 
steeper  roofs  are  required  than  in  a  warm,  dry,  sunny  one,  because  the 
high  evaporation  of  the  latter  augments  the  pitch  in  drying  the  roof. 
The  roof  should  not  be  too  steep,  but  the  pitch  on  a  main  roof  should 
never  be  made  less  than  one- fourth,  which  means  that  the  rise  is  3 
indies  to  each  12  inches  of  span. 

ROOFING    MATERIALS. 

Slate,  wooden  shingles,  roofings  composed  of  saturated  papers  or 
felts,  finished  with  a  coating  of  sand,  crushed  slate,  or  ground  micii, 
and  sheet  metals  are  used  for  roofing  inexpensive  houses.  The 
merits  of  .these  will  not.be  discussed  in  full,  but  certain  salient  fea- 
tureswill  be  touched  upon. 
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Slate  makes  a  durable  fireproof  roof,  and  in  Pennsylvania,  where 
slate  is  comparatively  cheap,  has  been  used  to  a  considerable  extent 
for  miners'  cottages.  Its  first  cost  is  higher  and  it  requires  heavy 
supporting  members,  aitd  an  8-inch  rise  in  12  inches  is  the  least  pitch 
recommended.  If  slate  is  used  the  roof  should  be  simple  to  the  ex- 
treme in  order  that  the  cost  may  be  reduced.  An  asphalt-saturated 
sheet  or  a  good  grade  of  tar  paper  should  be  laid  over  sheathing 
boards  before  the  slates  are  applied.  In  isolated  houses,  where  a 
cistern  must  be  used  as  a  source  of  drinking-water  supply,  slate 
makes  the  cleanest  watershed,  but  a  mining  town  should  not  be 
dependent  on  cisterns  for  drinking  water. 


WOODEN   SHINGLES. 


Two  methods  are  used  in  applying  wooden  shingles.  One  consists 
of  completely  boarding  over  the  rafters  and  covering  these  boards 
with  felt  or  paper  before  the  shingles  are  laid.  In  the  other  method 
the  shingles  are  nailed  on  narrow  boards  laid  a  fe^  inches  apart. 
The  latter  method  is  by  far  the  cheaper  in  first  cost,  and  the  shingles 
last  longer  because  of  the  better  ventilation  underneath.  This  method 
should  not,  however,  be  used  if  the  attic  rooms  are  to  be  finished,  as  it 
makes  these  rooms  cold  in  winter  and  uncomfortably  warm  during 
the  summer  months. 

The  untreated  shingle  roof  is  objectionable  on  account  of  its  in- 
flammability, and  is  condemned  by  insurance  authorities  and  also 
by  the  National  Fire  Protection  Association,  which  has  issued  a  bul- 
letin condemning  this  type  of  roof  covering.  As  clearly  shown  in 
that  bulletin,  burning  shingles  may  be  carried  great  distances  by  the 
wind  or  draft  of  conflagration,  and  if  they  alight  on  other  dry 
wooden  shingles  may  start  other  fires.  In  this  manner  a  dozeo 
separate  fires  may  be  started  over  a  radius  of  a  mile  or  more  while 
the  original  fire  is  still  being  fought.  Statistics  show  that  never  a 
day  passes  but  somewhere  in  the  United  States  or  Canada  a  shingle 
roof  is  set  on  fire  by  sparks  from  the  chimney. 

Notwithstanding  its  inflammability  the  shingled  roof  is  desirable 
on  account  of  its  low  cost,  light  weight,  coolness,  and  attractive  ap- 
pearance. Recent  experiments  by  H.  A.  Gardner,  of  the  Institute 
of  Industrial  Besearch,  demonstrate  that  when  shingles  are  painted 
with  a  high-grade  mineral  paint  the  deposited  film  has  the  effect 
of  smoothing  down  the  fuzzy  surface  and  the  mineral  constituents 
increase  the  fire-retardant  properties  of  the  shingle. 


FBEPAJUCD-FXXT   BOOFINOS. 


Saturated-felt  ready  roofings  are  numerous  in  variety  and  composi' 
tion.    It  is  difficult  to  determine  the  exact  value  and  relative  perma- 
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Mogr  of  some  of  these  products  from  appearance  alone,  and  attention 
s&oold  be  given  to  their  durability  in  service.  Roofings  of  this  type 
are  nsoallj  unattractive,  and  also  introduce  a  certain  fire  hazard,  par- 
ticularly if  the  roofing  be  composed  largely  of  vegetable  fiber  satu- 
rated with  volatile  compounds. 

ASPHALT   SHnrOLES. 

More  recently  there  have  appeared  upon  the  market  the  so-called 
**  asphalt  shingles,'^  which  are  made  from  roll  roofing,  cut  up  and 
applied  in  the  form  of  shingles.  The  general  use  of  such  shingles, 
however,  has  been  too  limited  as  yet  to  warrant  a  definite  opinion 
respecting  their  permanency  or  durability  as  a  roof  covering. 

METAL  BOOFIICOB. 

Sheet-metal  roofings  are  available  in  various  forms.  That  most 
geoenllv  used  for  houses  is  the  tin  roofing,  which  is  more  often  used 
wbere  the  pitch  of  the  roof  is  limited.  For  verandas  tin  roofing  is 
Almost  exclusively  used.  In  applying  tin  it  is  essential  that  the 
boards  upon  which  it  is  laid  present  a  smooth  surface,  and  it  is  de- 
sirable to  have  them  run  from  the  eaves  to  the  ridge,  so  that  if  any 
warping  or  shrinkage  occurs  the  channels  thus  formed  will  be  in  the 
direction  of  the  water  flow.  It  is  very  desirable  to  apply  between  the 
^eathing  and  the  tin  a  layer  of  heavy  sheathing  paper  of  good 
quality. 

Another  familiar  form  of  met-al  roof  is  the  corrugated,  galvanized, 
or  painted  steel  sheet,  which,  however,  is  not  at  all  attractive  as  a 
roc^ng  for  houses. 

Metal  shingles  and  imitation  Spanish  tile  are  made  from  galvanized 
and  tinned  steel  sheets,  and  these  produce  a  more  attractive  effect 
than  any  other  form  of  metal  roofing. 

Tlie  diffictdty  of  protecting  the  average  metal  roof  against  cor- 
rosion is  one  that  merits  consideration.  The  various  protective  meth- 
ods, such  as  tinning,  galvanizing,  and  painting,  particularly  the 
latter,  are  only  temporary  expedients.  A  multiple  system  of  safe- 
guar^ng  the  metal  sheets  against  corrosion  consists  in  first  covering 
the  metal  with  an  adhesive,  nondrying,  bituminous  compound  and 
embedding  asbestos  felts  therein.  Metal  sheets  thus  protected  are 
available  in  various  forms  and  colors  suitable  for  general  roofing 
purposes.  They  are  not,  however,  well  adapted  for  the  covering  of 
flat  or  substantially  flat  surfaces,  owing  to  the  impossibility  of  solder- 
ing them  together  as  is  done  with  tinned  metal  sheets. 

OTHER  TYPES. 

Other  l^pes  of  roof  coverings  are  available,  but  are  not  generally 
suitable  for  the  roofs  of  small  houses— such  as  built-up  tar  and 
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gravel  roof,  a  method  that  is  not  applicable  to  sloping  roofs,  aiid 
terra-cotta  tiles,  which  generally  are  too  high  in  first  cost,  and  axe 
too  hesLvy  to  be  suitable  for  structures  of  this  kind. 

OUTTEBS. 

The  advisability  of  putting  house  gutters  on  a  miner's  cottage 
depends  upon  whether  the  streets  are  paved  and  whether  the  yards 
are  graded  and  improved  with  gardens,  lawns,  and  footwalks;  in 
other  words,  house  gutters  are  a  complement  of  a  finished  town. 

The  use  of  the  gutter  as  a  means  of  conveying  water  to  a  cistern  is 
not  here  emphasized,  because  cisterns  are  accessories  of  isolated 
houses  and  should  not  be  found  in  mining  communities  of  the  future. 
In  addition  to  this  use,  however,  house  gutters  help  to  keep  the  foun- 
dation dry  and  prevent  the  spattering  of  mud  aroimd  the  base  of  the 
house;  they  prevent  the  washing  away  of  soil  and  permit  the  utiliza- 
tion of  the  belt  surrounding  the  house  for  flower  beds  or  lawns ;  they 
prevent  the  formation  of  stagnant  pools  of  water  and  protect  the 
foot  walk  from  mud  and  ice.  Gutters  may  be  made  of  wood  or  gal- 
vanized iron,  and  the  conductors  or  leader  pipes  should  be  corrugated 
rather  than  plain,  in  order  to  allow  for  expansion  in  case  they  should 
freeze,  as  they  frequently  do  in  cold  climates.  Gutters,  conductors, 
and  goosenecks  increase  the  cost  of  the  house  and  are  expensive  to 
keep  in  repair ;  many  of  their  advantages  are  nullified  unless  there  are 
street  gutters  or  a  sewer  system  to  receive  the  water  from  the  con- 
ductors. The  installation  of  house  gutters  should  be  postponed  un- 
til other  conditions  are  brought  up  to  a  consistent  standard.  How- 
ever a  short  length  of  gutter  should  be  placed  on  the  veranda  over 
the  steps  to  prevent  dripping  of  water  and  formation  of  ice  on 
the  steps. 

^HE  YABD  AND  ITS  AFPUBTENANCES. 

•     COAL  norsK. 

Few  miners'  houses  have  cellars,  so  that  the  coal  must  be  stored 
somewhere  in  the  yard.  In  places  where  there  are  no  alleys  or 
where  the  rear  yard  is  not  accessible  to  a  wagon,  the  coal  house 
or  box  is  placed  in  the  front  yard  to  reduce  the  cost  of  delivering  the 
coal.  The  sight  of  a  coal  box  on  the  front  property  line  is  anything 
but  pleasing,  and  is  out  of  place  in  the  modem  mining  town. 

In  some  places  the  coal  house  and  privy  have  been  combined. 
There  appears  to  be  no  objection  to  this  and  it  lessens  the  cost  and 
reduces  the  number  of  small  buildings  in  the  back  yard.  This  com- 
bination idea  has  been  carried  further  and  the  privies  and  coal 
houses  of  two  adjoining  houses  have  been  placed  under  one  roof 
(PI.  Ill,  5),  the  building  being  on  the  division  line  between  the 
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Iocs.  There  is,  perhaps,  not  sufficient  privacy  and  independence  to 
diis  arrangement  to  allow  it  to  be  universally  recommended.  If 
it  is  adopted  the  privies  should  be  in  the  two  extremities  of  the 
building,  and  it  is  better,  perhaps,  to  have  the  entrance  to  the  privy 
on  the  end  of  the  building  and  not  on  the  side  that  faces  the  house. 

DOMESTIC  ANIMALS  IN   MINING  TOWNS. 

The  population  of  mining  towns  often  consists  of  people  who  are 
experiencing  a  ti'ansitional  era.  Many  of  them  have  been  accus- 
tomed to  living  on  farms,  and  they  often  bring  along  with  them 
customs  and  practices  that  give  rise  to  insanitary  conditions  in  a 
thickly  settled  community.  Notable  among  these  is  the  keeping  of 
•lomestic  animals. 

Animals  may  be  kept  with  impunity  on  a  f  ami,  where  they  receive 
proper  attention  and  where  everything  is  open  and  spacious,  and 
where  the  aromas  of  the  barnyard  are  carried  away  by  the  great 
moi-eiDents   of   pure   air   which   come   sweeping   across   the   open 
country.    But  the  circumstances  are  entirely  different  when  a  horse 
and  cow,  hens,  hogs,  geese,  goats,  rabbits,  pigeons,  and  dogs  are 
crowded  together  on  a  city  lot  of  50  by  100  feet,  and  when  similar 
t-onditions  prevail  on  20  adjacent  lots.     It  should  be  remembered 
that  not  only  must  the  yard  contain  the  patched  shacks  and  coops 
for  all  these  animals  but  there  must  also  be  room  for  the  privy, 
wa&hhouse,    coal    shed,    outside    oven,    woodpile,    and    clotheslines. 
Under  these  cramped  conditions  the  odors  from  the  animal  offal, 
pigsty,  privy,  steaming  manure  heaps,  chicken  coops,  kitchen  slops, 
goose  puddles,  and  soggy  ground  are  confined,  and  if  the  settlement 
IS  m  a  sheltered  valley,  as  is  generally  the  case,  a  stagnant  miasma 
will  overhang   the  entire   community.      Added   to   this   are   such 
nuisances  as  lice,  fleas,  and  other  vermin,  the  noise,  and  the  scratch- 
ing and  burrowing  in  the  soil  of  the  yard. 

PBEVENTION    EASIER  THAN   CURE. 

In  a  new  mining  town  certain  restrictions  regarding  domestic  ani- 
mals should  be  instituted  at  the  very  beginning,  as  abuses  are  pre- 
vented much  easier  than  corrected.  Often  county  or  State  regula- 
tions supply  the  needed  restraints  if  they  are  enforced.  It  might 
be  a  good  plan  to  incorporate  some  of  these  measures  in  the  house 
lease  which  is  signed  by  the  tenants.  The  keeping  of  hogs,  geese, 
and  ducks  should  be  absolutely  prohibited  within  the  city  limits,  as 
it  requires  too  much  time  and  money  to  prevent  nuisances  from  aris- 
ing, in  spite  of  the  much-talked-of  scavenger  trait  of  the  hog.  This 
recommendation  is  made  in  the  full  knowledge  of  the  popular  use 
of  pork,  the  toothsomeness  of  roast  duck,  the  deliciousness  of  a  fresh 
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goose  egg,  and  the  comfort  of  sleeping  under  a  ^^  goose-hair  '^  tick. 
Unfortunately,  the  community  good  requires  personal  sacrifices. 

Building  permits  for  stables  should  be  required,  and  no  stable 
should  be  erected  until  a  permit  has  been  granted.  This  regulation 
should  in  no  way  prohibit  the  keeping  of  horses,  as  the  miner  often- 
times needs  a  horse  to  drive  to  and  from  work,  especially  if  the  to'wn 
is  at  a  distance  from  the  plant.  This  measure,  however,  will  fur- 
nish control  over  the  location  and  type  of  building,  and  will  furnish 
an  opportunity  of  coming  to  an  understanding  about  the  disposal 
of  the  manure,  which  is  very  important  if  the  fly  nuisance  is  to  be 
prevented. 

The  building  of  stables  should  be  restricted  to  lots  in  the  outskirts 
of  the  town,  unless  the  lot  is  quite  large. 

In  order  to  prevent  cows  from  grazing  in  the  alleys  and  streets,  a 
fenced  pasture  should  be  provided  by  the  company.  Regulations 
about   diseased  horses  and  cows  should  be  rigorously  enforced. 

Chickens  should  not  be  permitted  to  roam  about  the  yard,  but 
should  be  confined  within  a  nmway.  The  coop  should  be  white- 
washed at  regular  intervals. 

GARDENS  VERSUS  DOMESTIC  ANIMALS. 

In  attempting  to  abolish  the  keeping  of  domestic  animals  consid- 
eration must  be  given  to  other  phases  besides  strict  sanitation,  chief 
among  which  is  the  effect  of  these  animals  in  reducing  the  cost  of 
living.  It  is  also  undoubtedly  true  that  the  simple  pleasures  derived 
from  caring  for  animals  in  feeding,  breeding  them,  and  building 
coops  or  pens  is  a  factor  in  the  life  of  the  miner  that  should  not  be 
disregarded. 

One  frictionless  method  of  combating  the  practice  of  keeping 
domestic  animals  is  to  encourage  the  planting  of  gardens.  The  gar- 
den has  a  wide  range  of  advantages.  First  and  foremost,  the  prod- 
ucts from  the  garden  reduce  the  cost  of  living.  Not  only  are  fresh 
\-egetables  furnished  during  the  season,  but  many  of  them  may  be 
preserved  for  use  during  the  winter. 

The  garden  is  an  indirect  means  of  improving  the  order  and  clean- 
liness of  the  yard.  Trash,  rubbish,  ash  heaps,  stagnant  water,  and 
disorder  will  automatically  disappear  with  the  advent  of  gardens. 

The  gardens  furnish  a  pleasurable  and  profitable  way  of  engaging 
the  miner's  unoccupied  time.  Spare  hours  and  days  in  which  there 
is  no  run  at  the  mine  can  be  spent  to  great  advantage  in  a  garden. 
There  is  a  wholesome  influence  from  the  very  contact  with  green 
growing  things.  The  miner's  family  will  likewise  reap  many  ad- 
vantages. Helping  about  the  garden  will  keep  the  children  out  of 
mischief  and  teach  them  thrift  and  industry. 


THE   YABD  AND  ITS  APPURTENANCES.  49 

Busing  a  garden  means  the  inTestment  of  labor  in  the  premises 
on  the  part  of  the  tenant,  and  in  the  absence  of  individual  owner- 
ship creates  an  added  attachment  to  the  place  which  tends  to  offset 
the  temptation  of  packing  up  and  following  vague  rumors  about 
steadier  work,  hi^er  wages,  thicker  seams,  etc. 

A  number  of  companies  have  gone  to  much  trouble  and  expense  to 
encoorage  the  planting  of  gardens.  One  company  plows  the  yard, 
fumishcxs  manure  gratis  and  seeds  at  cost,  and  at  the  end  of  the 
seascA  awards  valuable  prizes  for  the  most  successful  gardens. 
(PL  IV).  Once  the  garden  habit  is  started  it  ought  to  become  largely 
self-supporting. 

The   Department  of  Agriculture  publishes  bulletins  describing 

suitable  crops  for  special  soil  conditions,  which  will  prove  valuable 

to  those  who  desire  to  initiate  interest  along  these  lines.    A  limited 

supply  of  these  bulletins  is  printed  for  free  distribution,  and  may  be 

ci)taiDed  by  writing  to  the  Secretary  of  Agriculture,  Washington, 

D.  C  An  incomplete  list  of  the  bulletins  is  as  follows : 

Farmers'  Bulletin  154,  The  home  fruit  garden,  preparation  and 


Farmers'  Bulletin  218,  The  school  garden. 

Farmers'  Bulletin  220,  Tomatoes. 

Fanners'  Bulletin  255,  The  home  vegetable  garden. 

Farmers'  Bulletin  289,  Beans. 

Farmers'  Bulletin  324,  Sweet  potatoes. 

Farmers'  Bulletin  354,  Onion  culture. 

Farmers'  Bulletin  407,  The  potato  as  a  truck  crop. 

Farmers'  Bulletin  433,  Cabbage. 

Several  States  have  schools,  experiment  stations,  and  departments 
of  agricalture,  and  by  getting  in  touch  with  these  information  of 
particular  local  value  may  be  obtained.  The  operators'  associations 
might  collect  information  from  these  various  sources  and  distribute 
it  among  the  workers.  This  practice  has  been  adopted  with  marked 
success  by  the  Alabama  Coal  Operators'  Association. 

FENCES. 

• 
The  fences  surrounding  the  houses  in  a  company-controlled  min* 
ing  town  have  more  significance  than  is  usually  attributed  to  them. 
If  the  amount  of  money  involved  be  considered,  perhaps  no  improve- 
ment sets  in  motion  such  a  train  of  beneficial  results  as  assigning,  by 
means  of  a  fence,  a  definite  amount  of  land  to  each  individual  cot- 
tage. The  fence  fixes  responsibility;  it  creates  a  healthy  sense  of 
pride  and  feeling  of  proprietorship ;  it  insures  a  certain  amount  of 
privacy;  it  permits  the  planting  of  gardens  and  results  in  clean 
yards  and  premises.  (PI.  I,  C.)  The  painstaking,  though  unsightly 
fences,  built  by  individuals,  particularly  among  non-English-speak- 


50  HOUSES  FOB  MIKING  TOWNS. 

ing  people,  display  an  inherent  desire  for  the  control  of  land,  inore 
or  less  dominant  in  us  all.  This  trait  should  be  gratified  in  the  con- 
struction of  new  mining -towns,  and  in  old  towns  a  little  money  in- 
vested in  neat  fences  will  return  good  dividenda 

Certain  details  of  the  fence  discussed  herein  may  appear  far- 
fetched if  only  an  individual  house  is  concerned,  but  it  should  be 
remembered  that  if  three  or  four  hundred  houses  with  large-sized 
yards  are  to  be  fenced  eveiy  foot  of  lumber  saved  counts  up.  The 
fence  should  harmonize  with  its  surroundings;  but  in  this,  as  in 
other  improvements,  economical  methods  and  simplicity  of  design 
and  construction  should  govern. 

LOCATION   OF   FENCE, 

A  pleasing  effect  may  be  obtained  in  some  cases  by  setting  the 
front  fence  back  between  the  houses  rather  than  on  the  front  prop- 
erty line.  By  this  arrangement  a  parklike  area  is  made  between  the 
sidewalk  and  the  houses,  which  may  be  grassed  and  will  appear  more 
spacious  than  if  cut  up  by  fences.  This  method  also  reduces  the 
linear  feet  of  fence.  Similarly,  if  the  house  is  on  the  side  line  rather 
than  centered  on  the  lot,  the  two  side  yards  will  be  combined  into 
one  and  the  linear  feet  of  fence  required  to  inclose  the  lot  will  be 
reduced  by  the  depth  of  the  house.     (See  fig.  4.) 

HEIGHT  OF  FENCE. 

Oftentimes  a  low  fence  answers  the  purpose  as  well  as  a  high  one 
and  costs  less.  As  far  as  preventing  people  from  trespassing,  it  is 
in  its  symbolism  more  than  as  an  actual  barrier  that  the  fence  is 
effective.  In  some  places  the  fence  must  be  built  so  as  to  keep  out 
hogs.  Even  if  the  keeping  of  hogs  is  not  permitted  in  the  town 
itself,  there  may  be  no  law  against  stock  running  at  large  in  the 
surrounding  country,  and  the  yards  and  gardens  must  be  protected 
from  the  inroads  of  these  "outsiders."  Usually  this  can  be  cor- 
rected by  legislation,  but  a  better  method  is  by  rigidly  enforcing 
sanitation  and  cleanliness  within  the  town.  This  means  frequently 
collecting  and  destroying  the  garbage,  trash,  ,and  other  wastes  which 
attract  the  unwelcome  visitors.    Hogs,  like  flies,  are  attracted  by  filth 

TYPES    OF   FENCES. 

There  are  three  types  of  fences  largely  used  in  mining  towns^ 
the  rail  fence  with  certain  modifications,  the  woven- wire  fence  of 
various  designs,  and  the  pale  or  picket  fence.  The  rail  fence  can 
be  made  artistic  and  is  usually  built  rather  low.  It  is  not  a  very 
effective  barrier.  Woven-wire  fences  are  usually  unnecessarily  high 
and  are  not  very  pleasing  in  appearance.    They  ai'e,  perhaps,  the 
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mast  economical  fence  and  most  effective  barrier.  In  some  cases 
they  do  not  last  long  when  they  are  built  near  coke  ovens,  on  account 
of  gases  in  the  air.  Specially  prepared  wire  might  be  obtained  to 
redst  this  action.  The  pale  or  picket  fence  is  the  best  appearing  of 
the  three.  In  the  construction  of  a  new  town,  pickets  can  be  made 
rery  economically  by  utilizing  waste  ends  and  trunmings.  A  very 
.^^tisf actoiy  and  economical  arrangement  is  to  make  the  front  fence 
t>ut  of  pickets  and  the  side  and  rear  fences  from  woven  wire.  (See 
fig.  4.) 

POSTS. 

The  post  is  one  of  the  least  durable  parts  in  a  fence  and  fails 
chiefly  by  rotting  near  the  ground  wher^  it  is  subject  to  alternate 
wet  and  dry  conditions.  Creosoting  makes  the  post  more  resistant 
to  decay,  and  if  it  is  not  practical  to  have  the  posts  treated  under 
pieasore,  simply  applying  a  creosote  paint  will  be  of  some  value. 
By  making  the  height  of  the  fence  4  feet  instead  of  5,  and  setting 
the  posts  that  much  deeper,  the  fence  will  be  strengthened.  Comer 
posts  and  those  to  which  the  gates  are  hinged  should  be  diagonally 
braced.  It  might  pay  to  set  all  the  posts  in  concrete,  in  which  case 
the  concrete  should  extend  three  or  four  inches  above  the  ground 
so  that  the  post  will  be  protected  at  the  point  most  liable  to  decay. 
Concrete  and  metal  posts,  both  of  the  manufactured  and  home- 
made  type,  are  sometimes  seen.  Old  boiler  tubes  and  discarded 
water  pipe  when  cut  and  drilled  and  embedded  in  concrete  make 
very  stable  posts.  The  pipes  should  be  filled  with  sand  and  capped 
with  concrete. 

GATES. 

The  gate  is  a  second  weak  part  of  the  fence,  and  numerous 
methods  have  been  improvised  for  making  a  strong,  durable,  self- 
closing  gate.  The  gate  should  be  made  as  light  as  is  possible 
without  impairing  its  strength.  This  can  be  accomplished  by  using 
light  wood  and  not  making  the  gate  unnecessarily  wide  or  high. 
Ixmg,  strong,  galvanized,  strap  hinges  should  be  used  and  should 
be  attached  with  long  screws  driven  directly  into  the  framework 
or  standards.  The  flimsy,  haphazard  way  in  which  hinges  are 
applied  is  responsible  for  many  broken  gates.  How  often  are  gates 
^n  with  hinges  attached  to  the  picket  side  of  the  gate  so  that 
^me  screws  must  be  left  out  because  the  hole  in  the  hinge  is  between 
the  pickets.  The  patented  self-closing  cast-iron  hinges  are  easily 
broken.  Figure  9  shows  how  a  gate  may  be  made  self-closing  with 
ordinary  strap  hinges  by  putting  the  hinges  off  center  a  little.  This 
arrangement  detracts  little  from  the  appearance  and  does  away  with 
the  use  of  springs  and  counterweights.  This  is  the  same  principle 
iised  in  self-closing  mine  doors.    The  gate  should  swing  in. 
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WATER  AND  WASTBS. 

The  problems  of  water  supply  and  disposal  of  sewage  in  mining 
towns  are  briefly  discussed  in  the  following  chapter.  These  impor- 
tant sanitary  factors  will  later  be  discussed  more  fully  in  special 
publications. 

RESPONSIBILITY  FOR  WATER  SUPPLY. 

If  an  epidemic  breaks  out  in  a  municipality  whose  citizens  through 
ignorance  or  willingness  to  '^  take  a  chance  '^  elect  to  drink  polluted 
water,  they  are  the  unfortunate  victims  of  their  own  shortcomings; 
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but  in  a  company-controlled  town  conditions  are  different,  and  the 
furnishing  of  safe,  wholesome  water  is  one  of  the  gravest  responsi- 
bilities accompanying  this  system  of  town  control. 
'  With  the  exception  of  air,  water  is  perhaps  the  most  important 
single  element  vitally  affecting  the  health  of  every  man,  woman,  and 
child  in  the  community.  Running  water  within  the  house  should  be 
regarded  as  a  necessary  article  in  a  mining  town,  and  not  as  a  luxury. 
A  spigot  in  the  yard  or  in  the  street  may  have  been  sufficient  for 
the  "  camp,"  but  it  is  not  in  keeping  with  town  life.  The  necessity 
of  having  good  water  should  exert  a  powerful  influence  on  the  se- 
lection of  the  town  site.    The  water  system  should  have  the  approval 
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of  A  competent  sanitary  engineer;  his  resourcefulness  and  wide  ex- 
perience with  this  phase  of  town  building  will  be  a  guaranty  against 
futore  regrets. 

80I7BCE8  OF  WATEB  SUPPLY. 
SHALLOW  WELLS. 

In  many  of  the  established  mining  towns  the  introduction  of  an 
expaisive  water  system  is  impracticable,  but  reasonable  measures 
should  be  taken  to  improve  the  unsatisfactory  conditions  that  exist. 
Shallow  dug  wells  with  rope  and  bucket  are  in  common  use,  and  these 
are  particularly  susceptible  to  pollution  when  found  in  conjunction 
with  other  insanitary  conditions.  The  most  effective  step  toward 
improTing  the  water  supply  from  shallow  wells  is  the  abolishment 
of  nei^boring  insanitary  privies,  stables,  and  pigsties. 


-DULLB)  WELLS. 

It  k  easier  to  protect  bored  wells  from  pollution  than  dug  wells, 
Aod  it  palatable  water  can  be  obtained  at  moderate  depths  wells 
ahoold  be  bored  throughout  the  village  and  equipped  with  easily  op- 
erated hand  pumps.  If  it  is  necessary  to  drill  very  deep  for  water, 
at  least  one  such  well  should  be  drilled  and  equipped  with  a  gaso- 
line pump  and  the  water  distributed  to  taps  situated  at  convenient 
places  in  the  settlement. 

BFBING8. 

li  there  is  in  the  vicinity  a  spring  that  flows  the  year  round 
and  the  water  proves  satisfactory  upon  analysis,  it  may  be  used  for 
dhddng  and  cooking;  water  from  wells  will  do  for  washing  and 
ctiher  household  uses.  The  spring  should  be  concreted  to  prevent 
local  contamination,  and  the  immediate  surroundings  and  approaches 
to  the  spring  should  be  improved  and  beautified.  Periodical  bac- 
ic  examination  of  the  water  should  be  made. 

CISTERNS. 

Unless  no  other  source  of  supply  is  available  at  reasonable  cost, 
drinking  water  should  not  be  obtained  from  cisterns,  although  cis- 
terns may  be  used  to  good  advantage  to  supply  water  for  general 
housework.  In  old  mining  towns  unsightly  conditions  often  develop 
in  connection  with  the  collection  of  rain  water.  Old  tubs,  kegs,  and 
buckets  of  all  shapes  are  kept  around  the  kitchen  door  for  the  pur- 
pose of  storing  up  the  rain  water.  Mosquitoes  breed  in  these  vessels, 
with  the  result  that  skin  inflammation,  sleepless  nights,  and  malaria 
follow.  If  it  is  necessary  to  collect  rain  water  in  the  absence  of 
cisterns,  the  company  ^ould  furnish  a  neatly  painted  50-gallon  bar- 
rel, which  should  stand  above  the  ground  and  be  protected  in  such  a 
way  as  to  prevent  mosquitoes  from  breeding  in  it. 
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MOSQUITO  PREVENTION.® 

The  united  and  continued  efforts  of  every  one  in  the  cominunity 
are  necessary  if  mosquito  breeding  is  to  be  prevented.  The  com- 
pany's efforts  in  draining  swamps  or  filling  in  lowlands  will  be  frus- 
trated if  careless  tenants  permit  tin  cans  or  broken  crockery  to  lie 
around  and  collect  stagnant  water.  All  weeds  in  the  yards,  streets. 
and  alleys  should  be  cut,  as  they  not  only  in  themselves  furnish  shel- 
tering places  for  mosquitoes  but  they  conceal  broken  bottles  and 
old  ^oes  which  will  hold  sufficient  water  for  hundreds  of  "wig- 
glers ''  to  be  hatched. 

DISPOBAii   OF   WASTES   FROM    KITCHEN    SINK. 

CESSPOOLS. 

When  water  is  piped  into  the  house  some  method  of  disposing  of 
the  waste  from  the  kitehen  sink  must  be  provided.  Individual 
leaching  cesspools  are  unsatisfactory,  chiefly  because  they  do  not 
remove  the  wastes  from  the  zone  of  habitation.  The  soil  surround- 
ing the  cesspool  soon  becomes  saturated  and  choked  with  foulness,  and 
rancid  odors  are  given  off  which  destroy  the  wholesomeness  and 
healthfulness  of  the  dwelling  site.  On  warm  sultry  ni^ts  the  odor 
is  particularly  obnoxious,  but  the  evil  is  going  on  to  just  as  great  an 
extent  at  all  times. 

STREET   GUTTERS. 

In  the  absence  of  an  underground  sewer  system,  perhaps  the  best 
method  is  to  build  open  concrete  street  gutters  and  utilize  these  for 
removing  the  kitehen  wastes.  The  gutters  are  open  to  inspection  at 
all  times  and  can  be  flushed  out  regularly.  In  some  cases  it  may  be 
feasible  to  circulate  mine  water  through  the  gutter  system,  which 
greatly  improves  conditions. 

WASH  AND  CHANGE  HOUSE. 

It  may  not  be  practicable  to  install  stationary  bathtubs  in  all  the 
individual  houses.  A  cheaper  and  better  arrangement,  as  far  as  the 
miners  themselves  are  concerned,  is  the  establishment  of  a  wash  and 
change  house  (PI.  V,  -4)  at  the  mine  mouth.  These  houses  are  being 
rapidly  introduced  at  many  mines  throughout  the  United  States, 
and  their  merite  will  be  briefly  discussed  here.  A  paper  on  wash 
and  change  houses  is  being  prepared  and  will  be  presented  in  a  later 
publication  of  the  bureau. 

Mining  necessarily  is  dirty  work,  but  it  does  not  follow  that  the 
miners  should  carry  the  evidence  of  their  day's  toil  through  the 

«  For  a  fuller  discussion  of  mosquito  prerentlon  see  Howard,  L.  0.,  Remedies  and  pi^ 
ventlves  affaiUBt  mosquitoes:  Parmer's  Bulletin  444,  U.  8.  Dept  of  Afcrlculturc,  Aprllf 
Iftll. 
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streets  and  into  their  homes.  Cleanliness  in  person  and  clothes  stim- 
ulates self-respect,  and,  better  still,  indicates  consideration  for  the 
people  and  property  with  whom  one  comes  in  contact  on  the  streets, 
in  ^  stores,  or  on  the  trolley  cars.  The  wash  and  change  house  en- 
cDorages  these  commendable  traits.  Its  use  also  shows  a  consideration 
for  the  folks  at  home.  It  lightens  the  burden  of  keeping  the  house 
clean  and  docs  away  with  the  necessity  of  lighting  fires  to  heat 
water.  Strict  privacy  in  bathing  in  a  miner's  home  is  diflScult  be- 
cause of  lack  of  facilities,  and  the  wash  and  change  house  relieves 
the  many  inconveniences  necessitated  where  good  standards  of 
modesty  are  maintained. 

The  shower  bath  refreshes  the  workman  so  that  he  returns  home 
m  a  more  agreeable  frame  of  mind.  Fatigue  is  caused  by  the  accu- 
mulation of  the  by-products  of  muscular  activities,  and  experiments 
have  shown  that  the  shower  causes  the  more  rapid  elimination  of 
these  toxins.  The  wash  and  change  house  helps  to  conserve  health. 
Coming  out  of  a  warm  mine,  with  damp  clothes  and  feet  wet  because 
of  inadequate  drainage,  the  miner  is  susceptible  to  colds  and  pneu- 
monia. The  shower  helps  to  restore  his  heated  and  perspiring  body 
to  nonnal  temperature. 

The  wash  and  change  house  can  be  heated,  lighted,  and  furnished 
with  hot  and  cold  water  economically  by  utilizing  the  exhaust  steam 
from  the  power  plant  The  plumbing  fixtures  and  drainage  system 
can  be  installed  en  masse  at  much  less  expense  than  at  the  individual 
houses  and  the  maintenance  and  repair  costs  will  be  greatly  reducetl. 

SEWER  SYSTEMS. 

As  scientific  investigations  and  practical  observations  have  demon- 
s^ted  that  typhoid  fever,  hookworm,  and  many  diarrheal  troubles 
are  disseminated  by  the  careless  disposition  of  fecal  discharges, 
many  of  the  loose  practices  formerly  followed  should  no  longer 
be  tolerated.  Reduced  to  the  nauseating  truth  the  question  re- 
solves itself  into  preventing  the  reentrance  of  bowel  discharges  into 
the  system  through  such  mediums  as  water,  food,  flies,  dust,  and 
common  towels.  How  can  this  be  best  accomplished  ?  In  cities  the 
method  generally  adopted  is  the  immediate  removal  by  means  of 
^ater  flushed  through  sewers  to  some  distant  point,  where  the  sewage 
is  emptied  directly  into  some  large  body  of  moving  water  or  treated 
^  a  disposal  plant,  the  refinements  of  which  depend  upon  circum- 
stances. Two  of  the  reasons  why  private  communities  often  defer 
the  building  of  a  sewer  system  are :  First,  the  convenience  of  a  sewer 
system  is  never  fully  appreciated  imtil  it  has  once  been  enjoyed; 
^nd,  second,  a  sewer  is  a  buried  investment  and  adds  nothing  to  the 
appearance  of  the  town,  as  surface  improvements  do.  In  the  mining 
towns  of  the  future  the  sewer  system  should  be  regarded  preemi- 
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nently  as  an  agency  of  community  health  and  should  be  installed  if 
ihe  cost  is  not  prohibitive.    As  was  true  of  the  water  supply,  the 
.possibility  of  an  economical  sewer  system  should  be  an  unportant 
factor  in  determining  the  town  site  and  town  arrangement. 

SUBSTITUTES  FOR  SEWERS. 

In  some  new  towns  and  in  many  old  ones  it  may  not,  however,  be 
feasible  to  install  a  sewer  system,  and  a  less  expensive  substitute 
must  be  selected.  As  the  sewer  system  presupposes  a  public  water 
supply,  it  is  practically  out  of  the  question  in  many  of  the  estab- 
lished mining  towns.  In  selecting  the  substitute  emphasis  should 
be  laid,  first,  on  the  feature  that  aims  to  get  the  body  sloughings 
outside  the  zone  of  habitation  as  quickly  as  possible;  second,  on  the 
prevention  of  nuisances  between  periods  of  removal. 

BANITABY  FBIVIE& 

A  sanitary  privy  is  very  practicable  for  mining  towns,  more 
so,  indeed,  than  for  isolated  houses,  because  it  can  be  taken  care  of 
much  easier  as  a  system  than  as  a  unit.  A  water-tight  receptacle 
(preferably  of  metal)  under  the  hole  will  prevent  soil  pollution  and 
consequent  contamination  of  wells.  If  lime  or  dirt  from  a  conven- 
ient box  is  used  to  cover  each  stool,  the  odors  and  the  danger  of 
transmission  by  flies  will  be  minimized.  The  receptacles  should  be 
emptied  at  least  once  a  week  during  the  cold  months  and  twice  a 
week  during  the  hot  summer  season.  An  extra  wagon  load  of  buck- 
ets should  be  provided,  so  that  it  will  be  necessary  only  to  exchange 
the  empty  bucket  for  the  full  one  at  the  privy,  deferring  the  empty- 
ing of  the  bucket  until  the  wagon  arrives  at  the  disposal  site.  The 
material  should  be  thoroughly  limed  and  buried  in  a  place  where  it 
is  not  possible  to  cause  a  nuisance  or  pollute  a  water  supply.  In 
some  cases  it  may  be  advisable  to  bum  the  waste  matter  in  an 
incinerator. 

LBAOHUfO  TAULTB. 

Leaching  earth  vaults  are  not  satisfactory  and  have  absolutely  no 
justification  in  a  mining  town  where  community  control  reposes  b 
a  central  authority.  These  vaults  possess  all  the  nuisances  of  the 
cesspool,  with  the  very  dangerous  element  of  disease  germs  added. 
In  wet  seasons  the  ground  is  saturated,  and  instead  of  the  liquid 
seeping  out  the  ground  water  leaks  into  the  vaults.  When  the 
water  table  lowers,  the  pollution  from  the  walls  will  be  carried 
great  distances. 

OONCBBTS  VAULTS. 

The  water-tight  concrete  vault  is  much  better  than  the  leaching 
type,  but  it  is  objectionable  because  the  human  wastes  are  stored 
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cQQtiiiuoiisly  clo66  to  the  human  habitation.   A  second  objection  is  the 
high  cost  and  the  difficulty  of  making  the  vault  water-tight. 

MAK£  THE  PRIYT  SAFE. 

In  a  number  of  old-type  mining  towns  the  privies  are  so  built  thsit 
the  bowel  discharges  simply  drop  upon  the  surface  of  the  ground, 
whence  they  are  scattered  about  by  animals,  rain,  wind,  or  flies.  In 
conjunction  with  this  crude  arrangement  are  often  found  shallow 
wells  which  furnish  drinking  water  for  the  people  (see  PI.  V,  i?). 
This  deplorable  and  dangerous  combination  of  conditions  should  be 
corrected  at  once.  As  a  matter  of  relative  importance,  however 
badly  the  house  of  the  miner  may  need  repairs,  the  first  and  most 
important  duty  is  to  make  the  privy  safe.  The  most  illiterate  man 
will  discover  a  way  of  patching  up  his  house  to  protect  himself  and 
his  family  from  the  cold,  but  he  is  not  apt  to  guard  against  such 
bsidious  foes  as  typhoid- fever  germs  and  hookworms. 

CLEAN-UP  DAY. 

Many  municipalities  are  adopting  what  is  known  as  a  clean-up 
day,  which  is  a  development  of  the  spring  and  fall  house-cleaning 
days. 

This  practice  has  been  in  vogue  in  some  mining  communities  for 
many  years.  Some  companies  have  recently  made  the  clean-up  day 
more  ceremonious.  The  legend  on  a  placard  used  by  one  company 
whereby  better  cooperation  was  obtained  is  given  below.  This 
placard  also  served  a  useful  educational  purpose. 

OLEAV-irP  DAT. 

Satonlay,  April  5,  lias  been  set  aside  as  "Olean-up  Day"  for  all  the 
caaps  of  tbe  «  *  «  corporation,  and  it  is  hoped  that  eveiy  family  will 
use  some  effort  on  that  day  to  make  our  camps  more  healthful  and  sanitary 
tlan  they  have  ever  been. 

Bom  all  trash,  leaves,  chips,  bones,  cast-off  clothing,  old  shoes,  etc.;  in 
fact,  everything  that  will  burn  that  is  of  no  value.  Tin  cans,  old  tin  buckets, 
and  things  of  that  kind,  should  be  heated  until  they  melt  or  will  not  hold 
water.  Stagnant  water  in  such  things  is  a  breeding  place  for  both  malaria 
and  typhoid  fever. 

Scald  out  the  rain  barrel  and  cover  it  with  a  coffee  sack  or  cotton  cloth. 
Tbis  wiU  keep  out  the  wiggletails.  Every  "wiggle"  will  be  a  "skeeter" 
bye  and  bye. 

Cinders,  old  iron,  crockery,  and  things  that  will  not  burn  should  be  piled 
In  tome  place  convenient  for  a  wagon.  Arrangements  have  been  made  to 
bave  the  company  team  haul  this  rubbish  away. 

Clean  out  well  from  under  the  floors  and  fix  so  that  neither  hogs,  dogs,  nor 
cbickois  can  stay  beneath  them.  Fleas  and  flies  both  spread  disease. 
Safficient  lime  to  sprinkle  under  a  house  wUl  be  furnished  by  the  company, 
tree  of  charge,  when  properly  applied  for.  « 

Flies  are  the  cause  of  75  per  cent  of  the  typhoid  fever  in  this  country. 
Will  up,  or  box  up,  around  the  privy  vault,  and  throw  on  sufficient  dirt  to 
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make  it  fly  tight.  Scrub  out  the  closets  at  least  once  a  week  with  hot  soa^ 
sods  and  pour  a  little  lime  and  coal  oil  in  the  vaults  occasionally.  Screen 
your  house  early  and  well  against  the  fly.  Mosquito  har  Is  cheap  and  answers 
well  for  one  season.  Mr.  Fly  takes  his  breakfftst  in  the  outhouse  and  his 
dinner  with  you,  and  is  not  at  all  particular  to  take  ott  bis  liat  or  wipe  bisi 
feet  when  he  comes  in. 

We  are  anxious  to  make  these  camps  the  model  sanitary  camps  for  the 
State  of  Kentucky.    We  will  do  our  part.    Will  you  help? 

(Signed  by  officers  of  corporation.) 

REGULAR  SCAVENGER  SERVICE. 

Clean-up  days  serve  a  purpose,  but  they  should  not  by  any  means 
be  considered  a  substitute  for  regular  scavenger  service.    A  system 
based  upon  the  frequent  removal  of  garbage,  rubbish,  ashes,  and 
other  wastes,  is  by  far  the  most  sanitary.    A  water-tight  receptacle, 
protected  from  flies  and  animals,  and  small  enough  to  be  handled 
by  one  man  is  recommended.    If  such  receptacles  are  placed  near 
the  alley  so  that  the  scavenger  can  load  them  quickly  it  may  be  pos- 
sible to  visit  each  house  every  two  or  three  days.     This  material 
should  be  burned  or  buried  in  such  a  manner  so  that  no  nuisances 
will  arise. 

BETAHiEI)  PLAK8. 

Plates  VI,  VII,  and  VIII  will  aid  the  operator  in  drawing  up 
plans  and  specifications  for  cottages  to  be  built  by  contract.  Manj 
of  the  suggestions  contained  in  the  bulletin  are  incorporated  into 
these  drawings.  The  special  features  of  the  cottage  are:  Substan- 
tial, well- ventilated  foundation  wall;  double  flooring  lined  with 
paper;  large  window  area  with  weighted  sashes;  glass-panel  front 
door  and  transom  over  back  door ;  ventilators  in  closets  and  louvers 
in- gables;  roomy  kitchen  facing  both  street  and  back  yard;  spacious 
front  veranda  facing  northeast;  usefully  located  electric  lights. 

Although  these  plans  have  been  put  to  a  practical  test  they  should 
not  be  followed  blindly,  as  local  conditions  might  require  numerous 
revisions  to  be  made. 
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THE  CONDENSATION  OF  aiSOLINE  FROM  NATURAL  GAS. 


By  Geosos  a.  Bubbell,  Frank  M.  Seibebt,  and  Q.  Q.  Obebfell. 


INTRODUCTION. 

The  Bureau  of  Mines  is  conducting  a  series  of  investigations  with 
the  conunon  aim  of  Tninimizing  the  losses  that  occur  in  the  mining 
and  treatment  of  mineral  substances.  The  results  of  the  investi- 
gations are  being  published  in  reports  of  the  bureau.  This  report 
treats  of  a  method  of  preventing  some  of  the  waste  of  the  natural  gas 
incidental  to  oil  mining.  This  method,  the  condensation  of  gasoline 
from  natural  gas,  offers  to  the  oil  operator  and  others  a  profitable 
means  of  utilizing  some  of  the  oil-well  gas  now  being  wasted.  The 
most  desired  constituent  of  crude  oil  is  obtained,  the  production  of 
oil  is  not  hindered,  and  the  gas,  after  the  extraction  of  gasoline,  can 
be  returned  to  the  leased  area  to  drive  pumps  or  into  pipe  lines  for 
uses  to  which  natural  gas  is  ordinarily  put,  usually  with  its  fuel  value 
lessened  only  in  slight  degree. 

Publications  already  issued  ^  briefly  discuss  the  subject.  In  this 
report  the  work  is  treated  in  greater  detail,  and  the  results  of  many 
additional  tests  are  shown. 

qeneraIj  statement  regarding  wastes  of 

natural  gas. 

Arnold  and  dapp  ^  classify  as  follows  the  various  ways  in  which 
natural  gas  is  wasted: 

(a)  In  drilling  and  casing  wells. 

(b)  From  high-pressure  wells. 

(c)  In  oil  production. 

id)  Through  lack  of  proper  care  of  wells. 

(e)  In  transportation. 

(f)  In  utilization. 

(g)  Through  improper  plugging  of  wells. 

This  report  concerns  itself  with  method  c,  the  waste  incident  to  oil 
production. 

A.  B.  Macbeth,  chairman  of  a  committee  on  conservation  appointed 
by  the  Natural-Oas  Association  of  America,  presented  at  the  annual 

•  Allen,  I.  C,  and  Bmrell,  O.  A.,  Liquefied  products  from  natural  gas;  their  properties  and  uses:  Tecb- 
nicil  P^MT  10,  Bareau  of  Mines,  1912, 23  pp.;  Burrell,  Q.  A.,  and  Seibert,  F.  M.,  The  sampling  and  exami- 
ittUon  of  mine  gases  and  natural  gas:  Bull.  42,  Bureau  of  Mines,  1913, 116  pp. 

^  Arnold,  Balph,  and  Clapp,  F.  O.,  Wastes  in  the  production  and  utiUxation  of  natural  gas  and  means 
te  their  praveation:  Technical  Paper  38,  Bureau  of  Mines,  1913, 29  pp. 
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meeting  of  the  association  in  Cleveland,  Ohio,  in  May,  1913,  a  report  ^ 
covering  in  brief  different  phases  of  the  subject  of  the  waste  of  natural 
gas.  Following  is  an  extract  from  that  report,  which  defines  the 
position  of  oil  operators  as  regards  waste  in  a  new  field: 

Where  oil  and  gas  are  found  in  the  same  field,  it  is  the  general 
practice  to  blow  off  the  gas.  In  some  fields  where  the  rock  pressure 
is  low  and  the  production  of  both  oil  and  gas  is  small,  some  operators 
are  able  to  produce  and  market  both  oil  and  gas  from  the  same  sand. 
In  large  operations  no  practicable  way  is  found  of  obtaining  the  oil 
without  wasting  the  gas,  and  this  is  the  principal  cause  of  the  deple- 
tion of  many  gas  fields,  and  is  responsible  for  a  greater  waste  of  gas 
than  all  other  causes  put  together.  It  is  natural  for  the  owners  of  a 
well  to  want  to  produce  and  sell  the  well's  full  production,  whether 
oil  or  gas,  in  the  shortest  possible  time,  but  it  is  impossible  to  market 
gas  in  the  way  oil  is  marketed,  for  gas  can  not  be  stored  like  oil.  The 
committee  saw  no  way  of  saving  the  gas  from  these  wells  without 
seriously  affecting  the  oil  production. 

Arnold  and  Clapp,^  Arnold  and  Garfias,""  and  Blatchley  ^  also  discuss 
various  means  of  preventing  the  waste  of  natural  gas.  They  briefly 
mention  the  production  of  gasoline  from  gas.  Arnold  and  Clapp^ 
state  that  at  some  wells  the  value  of  the  recoverable  gasoline  in  the 
gas  is  worth  as  much  as  20  per  cent  of  the  oil  produced,and  that  it 
is  not  extravagant  to  estimate  the  loss  in  gasoline,  at  10  per  cent  of 
the  oil  produced,  or,  up  to  1912,  a  clear  loss  of  $4,000,000. 

OCCURRENCE  OF  GAS  AND  OHj.    . 

Oas  may  be  found  in  a  sand  and  separate  from  oil.  It  may  be 
found  in  more  than  one  sand  separate  from  the  oil,  or  the  gas  sand 
may  be  just  above  and  in  contact  with  the  oil  sand.  A  given  sand 
may  produce  oil  and  gas  in  one  place  and  in  another  part  of  a  territory 
gas  only. 

Gas  may  come  from  the  same  sand  as  the  oil  itself.  It  is  this  manner 
of  occurrence  of  gas  and  oil  that  the  authors  desire  to  emphasize,  for 
under  these  conditions  the  gas  is  frequently  mixed  with  enough  of  the 
gasoline  constitutents  of  the  oil  to  warrant  the  erection  of  a  plant  for 
the  purpose  of  condensing  the  gasoline. 

a  Report  of  oommittee  on  the  conservation  of  natural  gas:  Proc.  eighth  ami.  meet.  Natural-Oas  Assn. 
Am.,  vol.  6, 1913,  p.  24D. 

b  Arnold,  Ralph,  and  Clapp,  F.  G.,  Wastes  In  the  production  and  utUiiation  of  natnnl  gas,  and  meaos 
for  their  prevention:  Technical  Paper  38,  Bureau  of  Mines,  1913, 29  pp. 

e  Arnold,  Ralph,  and  Qarfias,  V.  R.,  The  prevention  of  waste  of  oil  and  gas  fh>m  flowing  weUs  in  Cali- 
fomia,  with  a  discussion  of  special  methods  used  by  J.  A.  Pollard:  Technical  Paper  42,  Bureau  of  MinWf 
1913, 15  pp.,  2  pis.,  4  figs. 

<<  Blatchley,  R.  S.,  Waste  of  oil  and  gas  in  the  Mid-Continent  fields:  Technical  Paper  45,  Burwoof 
Mines,  1914, 57  pp. 

•AnuAd,  Ralph,  and  Clapp,  F.  O.,  op.  dt.,  p.  11. 
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Hie  gas  usually  finds  its  way  to  the  atmosphere  through  the  space 
between  the  casing  of  the  well  and  the  tubing  inserted  for  the  removal 
of  the  oil.  This  gas  is  the  so-called  * '  casing-head  gas . "  At  the  begin- 
ning of  an  oil  flow  when  the  flow  is  natiu'al,  a  large  quantity  of  gas 
escapes  to  the  air  through  the  same  tubing  as  the  oil.  Where  the  gas 
finds  its  exit  to  the  atmosphere  apart  from  the  oil  at  the  casing  head 
it  is  a  simple  matter  to  make  pipe  connections  between  the  casing  head 
and  any  desired  point  where  the  gas  is  to  be  utilized.  This  is  fre- 
quently done  when  the  supply  of  casing-head  gas  is  sufficient  to  war- 
rant its  utilization^  but  frequently,  when  the  supply  exceeds  the  small 
demands  of  the  lease,  the  excess  is  wasted. 

When  a  well  is  first  drilled,  the  quantity  of  gas  escaping  with  the  oil 
from  the  tubing  is  frequently  enormous,  being  10,000,000  to  15,000,000 
feet  or  more  at  times.  This  gas  is  wasted.  The  flow  in  time  dimin- 
ishes. 

When  gas  comes  with  the  oil  in  the  flow  pipe,  the  two  are  often  sepa- 
rated by  means  of  a  gas  trap.  The  oil,  entering  the  top  of  a  drum, 
settles  to  the  bottom  and  is  withdrawn,  and  the  gas  flows  off  at  the  top. 
Many  of  the  plants  in  California  utilize  gas  that  flows  with  the  oil  for 
condensing  gasoline.  One  gasoline  plant  in  the  Gushing  field,  Okla., 
also  uses  trap  gas.  A  new  type  of  trap  for  saving  gas  from  gushers 
and  separating  the  gasoline  is  described  at  the  end  of  this  report 
(p.  99). 

Oil  wells  that  have  passed  the  flowing  stage  and  are  being  pumped 
may  still  continue  to  give  off  much  gas  at  the  casing  head.  The  quan- 
tity may  vary  from  Uttle  or  nothing  at  some  wells  to  500,000  cubic  feet 
or  more  at  others.  When  enough  of  the  gas  is  available,  it  is  used  for 
pumping  on  the  lease,  the  excess  being  wasted.  A  steam  pumping 
engine  of  50  horsepower  requires  about  25,000  cubic  feet  of  gas  for  10 
hours'  operation.  From  1 2  to  1 5  cubic  feet  of  natural  gas  is  needed  per 
horsepower-hour  for  gas  engines  that  are  used  on  leases  for  pumping 
oil  wells.  If  there  is  not  enough  of  the  gas  available  for  working 
pumps,  it  is  all  allowed  to  go  to  waste,  or  perhaps  some  is  used  for 
heating  and  lighting  a  few  scattered  houses  on  the  lease. 

The  efficient  utilization  of  the  wasting  casing-head  gas  ordinarily  is 
a  difficidt  problem.  The  many  miles  of  pipe  that  would  have  to  be 
laid  to  transport  it  from  a  field  would  usually  be  an  unwarranted 
expense.  However,  some  towns,  among  which  may  be  mentioned 
Warren,  Pa.,  and  Sisterville,  W.  Va.,  are  lighted  and  heated  largely 
with  casing-head  gas. 

In  general,  however,  the  oil  man  considers  casing-head  gas  as  waste 
gas  and  its  escape  necessary  in  oil-well  operations,  to  permit  the  maxi- 
mum flow  of  oil  into  the  well  from  the  surrounding  strata. 


6  OONDBNSATION  OF  GASOUNE  FBOM  NATCBAL  0A8. 

Htintley^  discusses  the  free  escape  of  gas  as  one  of  the  causes  of  the 
decline  of  oil  fields,  the  action  being  somewhat  as  follows : 

(1 )  Excessive^  refrigeration  due  to  the  free  expansion  of  large  quan- 
tities of  gas  forms  waxy  sediments  in  the  productive  stratum  and  in 
the  tubing  of  the  well.  This  sediment  obstructs  the  passage  of  the 
oil  from  the  sand. 

(2)  The  gas  in  the  immediate  vicinity  of  the  well  dissipates  itself 
in  the  initial  flow,  and  the  oil  production  therefore  falls  off,  owing  to 
a  lessening  of  the  expulsive  force. 

The  rapid  exhaustion  of  the  gas  in  a  certain  part  of  the  field  may 
remove  the  only  influence  retarding  the  encroachment  of  water, 
which  may,  by  a  flanking  movement,  cut  off  a  lai^e  section  of  the 
producing  area;  or  water  may  exist  in  the  lower  part  of  the  oil 
sand,  being  held  in  check  only  by  the  rock  pressure  of  the  gas.  If 
each  cubic  foot  of  gas  were  retained  to  perform  its  work  of  expelling 
petroleum  the  pressure  would  help  to  retard  the  water  for  a  consid- 
erable period,  or  until  the  maximum  amount  of  oil  could  be  recovered. 
Huntley^  cites  the  Hogshooter  pool  in  Oklahoma  as  an  example  of 
a  producing  gas  district  that  was  ruined  by  having  its  gas  drained 
too  rapidly.  Wells  were  constantly  drawn  upon  to  their  utmost 
capacity;  hence  as  no  pressure  restrained  the  water  under  high  pres- 
sure in  the  lower  part  of  the  productive  formation  the  water  flooded 
one  well  after  another. 

FAOTOBS    AFFECTING   FLOW   OF   GAS   AND    OIL   IN   DIFFERENT 
SECTIONS  OF  THE  SAHE  FIELD  OB  IN  NEIGHBOBING  WELLS. 

The  concern  of  the  operator  of  a  plant  for  making  gasoline  of  natural 
gas  covers  all  phases  of  the  industry  from  the  occurrence  of  gas  and 
oil  in  the  well  to  the  final  disposal  of  the  gasoline.  Hence,  in  the 
following  pages,  is  given  a  brief  summary  of  some  of  the  views  that 
are  held  regarding  the  factors  that  affect  the  occurrence  of  gas  and 
oil  underground.  These  views  are  fully  disctissed  in  reports  of  the 
United  States  Geological  Survey. 

The  operator  is  frequently  puzzled  to  know  why  wells  in  one  part 
of  a  field  are  more  productive  than  are  others  in  the  same  field, 
or  why  adjoining  wells  or  weUs  on  the  same  lease,  are  so  erratic  as 
regards  output.  Another  question  that  may  occur  to  him  is  why 
a  particular  field  is  productive  and  an  adjoining  territory  non- 
productive. Many  observations  have  shown  that  the  strata  yielding 
oil  and  gas  are  jpractically  identical,  the  gas  usually  accumulating  in 
the  domes  of  the  arches  in  the  strata  or  in  other  elevated  parts  of  the 
deposits.  Gas  almost  invariably  accompanies  oil  where  conditions 
favor  its  accumulation,  but  oil  is  frequently  found  almost  \maccom- 

a  Hontley,  L.  O.,  Possible  causes  of  the  decline  of  oil  weUs  and  soggested  methods  of  prolbnglng  yield: 
Technical  Paper  51,  Bureau  of  Mines,  1913,  pp.  6-7. 
6  Huntley,  L.  G.,  op.  cit.,  p.  7. 
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panied  by  gas  on  account  of  the  collection  of  the  gas  in  the  highest 
portions  of  the  strata  or  because  of  its  escape  through  imperfections  of 
the  covering  layers.  Brine  almost  universally  accompanies  the  oil 
and  gas. 

In  addition  to  possessing  a  porous  structure  for  holding  the  oil 
or  gaseous  contents,  the  reservoir  rock  must  be  entirely  covered  with 
an  impervious  layer,  the  commonest  and  most  perfect  cover  being  a 
fine-grained  shale,  whose  imperviousness  and  freedom  from  fracture 
enables  the  ''sand"  to  retain  the  gas  or  oil.  Gas,  oil,  and  water  are 
frequently  found  distributed  according  to  their  specific  gravities, 
gas  disengaging  itself  from  the  fluid  and  rising  to  the  highest  point  in 
the  beds,  and  water  displacing  the  oil  and  finding  a  resting  place  as 
low  down  as  possible.  When  oil  and  gas  strata  are  comparatively 
little  undisttirbed,  each  well  usually  draws  its  supplies  from  a  con- 
siderable area;  indeed,  the  owners  of  wells  in  the  United  States  are 
usually  compelled  to  continue  to  raise  oil,  without  regard  to  the 
conditions  of  market,  to  prevent  its  being  obtained  by  neighboring 
leaseholders.  On  the  other  hand,  faults  and  dislocations  of  strata 
may  limit  the  area  over  which  a  single  well  draws  its  supplies,  and  so 
impede  the  free  passage  of  the  fluid  that  the  pressure  is  small.  It 
is  now  generally  admitted  that  the  pressures  in  wells  are  entirely 
due  to  accumulations  of  gaseous  hydrocarbons,  chiefly  methane, 
which  were  formed  with  the  Uquid  hydrocarbons  and  exist  in  a  highly 
compressed  condition  and  dissolved  in  the  petroleum  or  accumulated 
in  the  beds  inunediately  overlying  the  oil  stratiun.  Where  the  gas 
has  been  allowed  to  escape  freely,  petroleum  rarely  flows  from  a  well, 
and  never,  perhaps,  unless  left  for  a  long  time,  rises  to  the  surface 
unaided. 

Discrepancy  in  production  may  in  some  cases  be  attributed  to 
local  variations  of  the  reservoir  rock,  but  Arnold  and  Garfias  "  state 
that  an  abnormally  low  production  of  oil  can  be  traced  to  one  or 
more  of  the  following  causes:  Inefficient  management;  improperly 
finished  well;  poor  condition  of  casing;  failure  to  perforate  casing, 
or  inadequate  size  and  number  of  periforations;  obstruction  of  the 
bore-hole  by  tools  or  fragments  of  debris;  failure  to  exclude  water, 
which  sometimes  results  in  the  inrush  of  sand;  effect  of  neighboring 
wells;  and  drawing  on  a  secondaiy  sand  only.  Some  of  these  causes 
affect  the  yield  of  gas  also.  Arnold  and  Garfias  ^  add  that  although 
at  some  wells  conditions  can  not  be  remedied,  and  at  others  the 
expense  incurred  would  not  be  compensated  by  the  added  production, 
nevertheless,  in  most  instances,  an  intelligent  study  of  the  trouble 
and  its  sources  will  disclose  some  comparatively  simple  means  of 
improving  conditions  so  as  to  increase  the  total  yield. 

a  Arnold,  Ralph,  and  Garfias,  V.  R.,  Mathoda  of  oil  raoovary  in  California:  Technical  Paper  70,  Bureau 
ofllin«,igi4,p.^. 
*  Atnold,  Ralph,  and  Oarilaa,  V.  R.,  idam. 
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BFFBCT  OF  DBILLIKG  HSIOHBOBING  WBLL8. 

Regarding  underground  connection  between  neighboring  wells 
Hnntley  ^  has  the  following  to  say: 

The  first  well  diiUed  in  a  group  will  tend  to  set  up  drainage  channels  and  divert 
huge  quantities  of  oil  from  a  coDaiderable  area.  Subsequent  wells  come  in  as  much 
smaUer  producers  than  the  original  well.  Again,  in  loose  unconsolidated  sands, 
such  as  are  found  in  the  Caddo  field  in  Louiaiana,  and  in  the  famous  Glenn  pool,  in 
Oklahoma,  if  a  well  stops  pumping  for  a  day,  the  surrounding  wells  extend  their  own 
channels,  breaking  down  the  drainage  syKtems  of  the  first  well,  to  the  extent  that  it  is 
often  difficult  to  again  recover  oil  from  the  well  that  has  stopped  pumping.  As  a 
result  the  wells  in  the  Glenn  pool  are  pumped  24  houn  a  day,  365  days  in  a  year.  The 
condition  of  the  sand  in  the  Glenn  pool  was  brou^t  about  somewhat  artificiaUy 
by  the  use  of  enonnous  quantities  of  nitrpg^yceiin  in  shootuig.  The  sand,  oiignnUy 
coarse  and  porous,  has  probably  been  shattered  throughout  the  entire  producing 
area. 

In  certain  lenticular  formations,  described  by  the  oil  man  as  "spotty,"  of  two 
wells  drilled  only  150  feet  apart,  one  has  been  a  laige  producer  and  the  otiier  a  dry 
hole.  This  discrepancy  may  be  due  to  drainage  conditions  or  may  be  caused  by  an 
intervening  hard  spot  in  the  oil  sand.  If  it  is  caused  by  drainage  conditioDs,  the 
stopping  of  the  producing  well  would  probably  cause  the  other  to  produce.  Again, 
wells  1,000  to  2,000  feet  apart  are  in  places  so  closely  connected  undeiground  that 
the  muddy  water  used  in  drilling  one  well  has  been  pimiped  out  by  another  well  a 
considerable  distance  away,  not  necessarily  the  well  nearest  to  the  one  being  dziUed. 

Huntley  ^  further  states  that  in  a  tight  sand  neighboring  wells  do 
not  affect  each  other  to  the  same  degree  as  in  a  very  porous  stratum; 
that  is,  such  pronounced  drainage  channels  toward  the  weDs  first 
drilled  are  not  formed. 

BFFEOT  OF  FOBMATION  OF  WAXY  SBDHCENT. 

Most  of  the  plants  for  making  gasoline  from  natural  gas  draw  the 
gas  from  old  wells,  many  of  which  are  very  small  producers  of  oil. 
Hence  many  of  them  have  not  received  much  attention  as  regards 
upkeep.  One  result  of  this  inattention  is  the  formation  of  waxy 
sediment  or  paraffin.  Regarding  the  formation  of  this  waxy  sedi- 
menj;  Huntley  ^  comments  as  follows: 

Petroleum  in  the  so-called  paraflSn-oil  fuels  consists  of  hydrocarbons  of  the  paraffin 
series,  which  range  from  the  heaviest  oil  to  the  lightest  gas.  The  gaseous  constituents 
of  petroleum  exist  in  what  may  be  likened  to  soluticm,  much  like  the  gas  of  soda 
water,  and  as  such  expand  and  escape  when  the  pressure  is  relieved  by  a  well.  Hie 
sudden  expansion  and  volatilization  of  such  light  hydrocarbons  has  a  refrigeiating 
effect,  like  the  expansion  of  ammonia  gas  in  an  ice  machine,  chilling  the  remainder 
of  the  liquid  petroleum  and  causing  the  separation  of  the  heaviest  paraffin  as  a  waxy 
sediment.  *  *  *  This,  *  *  *  along  with  water  and  fine  rock  sediments, 
clogs  the  pores  of  the  sand  and  obstructs  the  passage  of  the  oil  into  the  well. 

a  Huntley,  h.  O.,  Possible  causes  of  the  decUne  of  oil  wells  and  aaggmbed  OMttaods  of  prolongiiig  yield 
Technical  Paper  51,  Bureau  of  Mines,  1913,  pp.  23-24. 
t>  Huntley,  L.  O.,  op.  cit.,  p.  22. 
c  Huntley,  L.  Q.,  op.  dt.,  p.  6. 
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HISTORT   OF  THE  MAEIXQ   OF   GASOUNE  FBOM 

NATURAIi  GAS. 

That  gasoline  can  be  exta*acted  from  natural  gas  has  loi^  been 
known,  ever  smce  oil  and  gas  have  been  noticed  in  some  gas  pipe 
lines,  but  the  production  of  gasoline  from  natural  gas  has  only  within 
tiie  past  few  years  become  of  commercial  consequence,  owing  prin- 
cipally to  the  ever-increasing  demand  for  gasoline. 

TWO  SXrCCESSFUIi  PLANTS  IN  1004. 

A.  Fasenmeyer  made  gasoline  from  the  gas  of  oil  wells  near  Titus- 
ville,  Pa.y  in  the  fall  of  1904.  His  plant  is  almost  within  sight  of  the 
old  Drake  welL  His  first  equipment  was  crude.  The  gas  from  the 
weDs  after  passing  throu^  tiie  gas  pumps  was  cooled  by  means  of  a 
coil  of  pipe  placed  in  a  tank  of  water.  The  condensate  produced  was 
allowed  to  drip  into  a  wooden  barreL  The  losses  resulting  from 
evaporation  were  large.  The  product  when  first  collected  had  a 
grayity  of  80^  to  90^  on  the  Baum6  scale.  His  production  the 
first  year  was  approximately  4,000  gallons^  for  which  he  received 
10  cents  per  gallon.  Tompsett  Bros.,  of  Tidioute,  Pa.,  claim  to  have 
preceded  Fasenmeyer  in  the  making  of  a  commercial  venture  out  of 
the  process.    They  are  operating  successfully  at  the  present  time. 

As  these  ventures  proved  a  commercial  success  attention  was  turned 
to  the  designing  of  better  plant  equipment.  Oas  and  oil  operators 
in  other  oil  fields  in  the  United  States  proceeded  to  install  gasoline 
plants. 

EABLY  HBTHODS. 

At  first  common  gas  pumps,  with  pressures  not  exceeding  50 
pomids  per  square  inch,  were  used.  Condensation  was  effected  by 
nmning  a  pipe  through  the  earth  to  the  gasoline  receivers.  Mr. 
William  Richards,  of  Warren,  Pa.,  claims  to  have  been  the  first  to 
install  high-pressure  compressors.  His  first  experiments,  made  in 
1905,  were  with  pressures  of  400  pounds  per  square  inch.  Later  he 
came  to  the  conclusion  that  a  pressure  of  250  pounds  per  square  inch 
was  sufficient  to  make  gasoline  that  was  about  right  for  shipping. 
Mr.  Richards's  plant  was  located  at  Mayburg,  Pa. 

In  the  first  plants  for  making  gasoline  from  natural  gas  the  cooling 
system  consisted  in  general  of  a  series  of  pipes.  In  some  plants  the 
pipes  were  cooled  by  the  air,  but  in  most  plants  were  immersed  in 
tanks  containii^  water  or  else  the  water  was  allowed  to  drip  over  the 
pipes.  At  most  plants  the  collecting  tanks  were  open  to  tiie  atmos- 
phere. The  residual  or  waste  gases  were  allowed  to  escape.  After 
the  condensate  had  '^weathered'' — that  is,  when  the  lighter  fractions 
had  been  allowed  to  volatilize  and  escape  into  the  atmosphere — the 
product  was  marketed. 
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The  next  step  in  the  industry  was  to  pass  the  gases  from  collecting 
tanks  from  the  single-stage  compressor  through  a  higher«tage  com- 
pressor. The  gases  were  again  cooled.  In  this  manner  a  second  and 
more  volatile  product  was  obtained,  indiich  was  mixed  with  the  product 
from  the  first-stage  compressor.  This  mixture  was  again  '' weath- 
ered" and  then  marketed.  F.  P.  Peterson,  while  connected  with  a 
gas-engine  company  in  Grove  City,  Pa.,  claims  to  be  the  first  to  use 
the  two-stage  compressor  method.  As  producers  realized  the  great 
waste  involved  in  this  process,  another  improvement  was  introduced, 
as  follows: 

The  condensate  produced  from  both  stages  of  compression  and 
cooling,  which  had  a  gravity  of  80®  to  100®  B.,  was  mixed  with  refinery 
napthas  \mtil  the  specific  gravity  had  been  lowered  to  60®  to  76®  B. 
By  this  means  there  was  obtained  a  product  that  evaporated  more 
slowly  than  did  the  condensate.  The  process  of  blending  is  more 
fully  discussed  elsewhere  in  this  report. 

The  waste  gases,  after  the  gasoline  had  been  extracted,  were  in 
part  used  for  plant  operation,  and,  in  some  plants,  the  remainder 
was  returned  to  gas  mains  which  supplied  towns  with  gas  for  lighting 
and  manufacturing  purposes.  In  most  plants  the  waste  gases  were 
allowed  to  escape  into  the  atmosphere.  At  present  much  informa- 
tion is  at  hand  as  the  result  of  the  experimental  work  done,  so  that 
plants  are  now  installed  to  meet  particular  requirements.  The 
advisability  of  employing  single  or  double  stage  compressors,  the 
pressures  to  be  used,  the  method  of  handling  and  disposing  of  the 
condensate,  and  the  disposition  of  the  waste  gases  are  all  considered. 

PATENTS  ISSX7BD. 

Chute  *^  gives  the  various  patents  that  have  been  taken  out  covering 
the  condensation  of  the  hydrocarbons  in  natural  gas,  as  follows: 

In  1866  Johnson  received  patent  No.  54910  which  clearly  discloses 
the  art  of  rendering  liquid  the  vapors  that  rise  with  or  are  forced  up 
with  petroleum. 

In  the  Heinzerling  patent  of  1897,  No,  576714,  which  expired 
January  28,  1914,  there  is  shown  an  air-compressor  or  gas-com- 
pressor cylinder  and  a  gas-expansion  cylinder,  both  coupled  to  a 
flywheel,  with  a  series  of  condensers  and  heat  exchangers  between. 
Tlie  specification  clearly  explains  that  the  gas  is  to  be  compressed  in 
the  first  cylinder  and  cooled  in  two  condensers  in  series,  with  con- 
densation of  the  condensible  Uquids,  which  are  removed  by  appro- 
priate valved  containers  depending  from  and  connected  with  the 
condensers.    Thence  the  water-cooled  gas  passes  to  other  condensers 

a  Chute,  H.  O.yTbe  patent  processes  for  making  casing-head  gasoline:  Jour.  Met.  and  Chem.  Eng.,yoL 
13,  No.  3,  March,  1914,  pp.  147  and  148. 
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cooled  by  the  residual  gas,  which  is  in  the  meantime  expanded  in  the 
second  cylinder,  thus  aiding  the  compression.  The  expansion  pro- 
duces cold  gas  which  afterwards,  circulating  through  the  last  con- 
densers, cools  the  compressed  gas  to  a  point  stated  to  be  between 
-25°  and  -40°  C.  (-13°  to  -40°  F.).  The  first  water  cooling  is 
stated  to  refrigerate  the  gas  to  10°  C.  (50°  F.). 

Among  the  earlier  unexpired  patents  is  No.  668197  of  1901,  issued  to 
Seceur,  which  claims  a  process  of  liquefying  methane  from  natural  gas. 

In  1907  patent  No.  867505  was  granted  to  Dennis  Hastings  and 
W.  Brink.  It  discloses  that  natural  gas,  after  having  been  artifi- 
cially compressed,  is  brought  into  contact  with  water  which  serves 
to  cool  the  gas ;  later  water  or  oil  is  atomized  to  intermingle  with 
the  gas  to  cool  it.    The  claims  are  for  an  arrangement  of  apparatus. 

In  1909,  John  L.  Gray  obtained  patent  No.  993976,  for  certain 
apparatus  for  obtaining  gasoline  from  the  casing-head  gas.  The 
claims  aie  for  an  organization  of  apparatus  for  separating,  first,  any 
en^oie  or  cylinder  oil  from  the  gas  by  means  of  the  ordinary  steam 
trap  or  oil  trap  used  on  steam  lines,  a  condenser  with  another  oil 
trap  beyond,  and  a  relief  valve  which  is  an  ordinary  steam  safety 
valve.  There  is  also  a  pot  steam  trap  to  separate  the  condensed 
gasoline  from  the  gas,  and  a  receiving  tank. 

Chute  ^  states  that  in  the  processes  now  in  successful  use  the 
essential  steps  have  been  covered  by  expired  patents. 

Patents  covering  the  separation  of  the  light  paraffin  hydrocarbons 
in  natural  gas  are  described  in  the  appendix  at  the  end  of  this  report. 

PRODUCTION    OP    GASOUNB    FROM    NATURAIi    GAS    IN 
THE  EASTERN  PART  OP  THE  UNITED  STATES. 

In  the  Appalachian  oil  fields  the  utilization  of  casing-head  gas 
for  TTfiRlring  gasoline  is  more  extensive  than  in  the  Mid-Continent  or 
Califomia  fields.  The  industry  had  its  commercial  inception  in 
Pennsylvania  and  West  Virginia.  East  of  the  Mississippi  River 
the  approximate  number  of  plants  in  conmiercial  operation  was 
about  253  in  July,  1913.  The  plants  were  distributed  among  the 
various  States  about  as  follows:  New  York,  1;  Pennsylvania,  100; 
West  Virginia,  100;  Ohio,  47;  Illinois,  5.  The  industry  in  these 
States  is  firmly  established,  and  new  plants  are  being  built  even  in 
places  where  many  thought  that  installations  would  not  be  placed. 

THE  OASOUNB  INDXTSTBT  JN  WEST  VIRGINIA. 

The  industry  of  making  gasoline  from  natural  gas  has  made  fairly 
rapid  progress  in  West  Virginia  in  the  past  few  years.  In  that 
State  gasoline  was  first  made  from  natural  gas  in  1905.    There  were 

«  Chate,  H.  C,  op.  cit.,  p.  148. 
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in  July,  1913,  about  100  plants  in  the  State.  The  production  from 
10  plants  exceeded  500  gallons  per  day  and  from  5  exceeded  1,000 
gallons  per  day.  The  production  of  the  remaining  plants  ranged 
from  a  few  gallons  up  to  500  gallons  per  day.  The  number  of  wells 
connected  to  each  plant  varies  from  1  or  2  up  to  100,  with  an  average 
of  about  15  to  20.  Of  the  total  number  of  oil  wells  in  the  State, 
about  1,500  are  utilized  for  gasoline  production.  The  production  is 
confined  almost  exclusively  to  12  counties — Brooke,  Calhoim,  Han- 
cock, Harrison,  Marion,  Marshall,  Pleasant,  Richie,  Tyler,  Wetzel, 
Wirt,  and  Wood.  The  total  production  for  1913  was  7,662,493 
gallons.^  Hill^  states  that  in  1912  there  was  produced  5,318,136 
gallons. 

Tyler  and  Pleasant  Counties  produce  about  75  per  cent  of  the  total 
quantity  of  gasoline  produced  in  the  State.  In  Tyler  County  are 
five  productive  oil  sands.  The  gas  utilized  for  gasoline  production 
accompanies  the  oil  in  the  Big  Injun  sand.  In  Pleasant  County  the 
gas  utilized  is  chiefly  from  oil  wells  tapping  sands  in  the  Berea  grit. 
This  sand  lies  below  the  Big  Injun.  The  wells  from  which  the 
natural  gas  is  derived  in  these  fields  are  from  a  few  years  to  20  years 
old,  some  of  the  first  wells  drilled  still  producing  vapors  of  the  heavy 
hydrocarbons.  The  highest  pressures  utilized  for  making  gasoline 
in  West  Virginia  are  about  150  pounds  per  square  inch,  none  being 
over  250  pounds.  Two  plants  at  Follansbee,  W.  Va.,  use  the  pressure 
last  mentioned. 

Of  about  14,000  producing  oil  wells  in  the  State  approximately  1,500 
are  utilized  for  gasoline  production.  Day^  gives  13,014  as  the 
number  of  producing  oil  wells  in  the  State  at  the  end  of  the  year  1911. 
This  was  an  increase  of  279  wells  over  the  year  1910.  At  the  present 
time  the  authors  estimate  that  there  are  14,000  wells  in  the  State. 
This  estimate  is  based  only  on  what  seems  to  be  a  reasonable  in- 
crease in  two  years'  time  over  the  production  for  1911  as  given  by 
the  Geological  Survey.  The  rate  of  increase  in  production  for  the 
two  years  1912  and  1913  is  greater  than  during  the  preceding  two 
years  largely  because  the  price  of  petroleum  iacreased  decidedly  for 
a  time. 

THB  INDUSTBY  IK  PENNSYLVANIA. 

The  industry  in  Pennsylvania  during  1912  and  1913  has  made  rapid 
progress.  At  the  close  of  1913  there  were  nearly  100  plants  in  suc- 
cessful operation.  The  iadustry  is  confined  almost  entirely  to  the 
counties  of  Butler,  Forest,  McEean,  and  Warren. 

Most  of  the  plants  are  rather  small,  few  producing  500  gallons  per 
day.  The  average  plant  produces  only  about  200  gallons  per  day. 
The  number  of  weUs  used  for  making  gasoline  is  1,100  or  1,200. 

A  Hm,  Bm  Nalnnl  gas:  Mhunl  Bosooroes  U.  S.  for  1913,  U.  8.  G«oL  Borvoy,  1914,  p.  148L 
b  Hill,  B.,  Natural  gas:  Mineral  ReBouroes  U.  8.  for  1911,  U.  8.  Geol.  Burwy,  1912,  p.  348. 
t  Day;  D.  T.,  Petroleum:  MiiMral  ReBoorcea  U.  B.  for  1911,  U.  8.  Geol.  Borvey,  1913,  p.  851. 
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There  were  in  1913  about  56,000  producing  oil  wells  in  the  State. 
Day '  gives  52,545  as  the  total  number  of  producing  wells  in  the 
State  for  1911.  The  increase  for  the  year  1912  was  1,645  wells  and 
for  1913  was  2,065  wells. 

The  output  of  gasoline  for  the  year  1913  was  3,680,096  gallons.^ 
The  production  for  1912  was  2,041,109  gallons.^"  The  drawback  to 
development  in  Hie  northern  counties  lies  in  the  lack  of  satisfactory 
transportation  facilities.  Most  of  the  gasoline  is  hauled  in  tank 
wagons  to  the  refineries  where  it  is  blended  with  naphtha.  Some  pro- 
ducers are  forced  to  haul  their  product  as  far  as  15  miles  in  tanks. 
When  better  facilities  shall  have  been  provided  for  transportation, 
thereby  cutting  down  considerably  the  cost  of  production,  there  will 
be  a  wider  expansion  in  these  oil  fields.  Less  than  2  per  cent  of  the 
producing  oil  weUs  are  utilized  for  the  production  of  gasoline,  as 
against  10  per  cent  in  West  Virginia. 

The  gases  available  in  the  Bradford  County  and  the  Warren  County 
fields  are  from  the  third  oil  sand.  The  gases  from  most  of  the  wells 
issue  under  a  few  pounds  pressure.  A  small  area  around  Tidioute, 
Pa.,  produces  a  gas  consisting  almost  entirely  of  the  vapors  of  the 
liquid  hydrocarbons.  These  vapors  are  drawn  out  under  a  reduced 
pressure  of  20  inches  (12  pounds)  of  mercury.  In  no  other  field,  to 
the  authors'  knowledge,  are  such  ''wet"  gases  encountered.  The 
vapors  after  passing  the  vacuum  pumps  are  simply  cooled  by  means 
of  running  water.    They  are  not  compressed. 

THE  INDUSTRY  IN  CAUPORNIA. 

PRODUCTION  IK  1012. 

TTill  ^  states  that  the  gasoline  produced  in  Calif oniia  in  1913  was 
3,460,747  gallons,  valued  at  $405,186. 
Gilmore  ^  specifies  the  following  production  for  California: 

Company  and  fldd.  Gallons  per  day. 

Puente  OU  Co.,  Puente  field 450 

Pacific  GasoUne  Co.,  Brea  Canyon,  two  plants 4, 000 

Union  Oil  Co.,  Santo  Maria  field 1, 000 

Standard  OU  Co.,  NewhaU  field 450 

American  Gasoline  Co.,  Santo  Maria  field 1, 400 

Purity  Gasoline  Co.,  Santo  Maria  field,  two  plants 1, 700 

Pinel  Borne,  Santo  Maria  field,  two  plants 3, 500 

Frank  Hall,  Santo  Maria  field 500 

Olinda  Gasoline  Co.,  Olinda  field .^ 1, 000 

Hurtey-Smith-CoUins  Co.,  Oleo  field 2, 500 

A.  P.  Gilmore,  Salt  Lake  field 450 

Total 16,950 

•  Day,  D.  T.,  Petrolenm:  Mineral  Resources  U.  S.  for  1911,  U.  S.  Geol.  Survey,  1912,  p.  351. 

b  Hill  B.,  Natural  gas:  Mineial  Hesonrces  U.  S.  for  1913,  U.  S.  Qeol.  Survey,  1914,  p.  1480. 

te  Hill,  B.,  loc  dt. 

<Hffl,B.,loo.cit. 

c  Oflmore  Frank,  Oaaoline  In  CalUomJa:  Oil  and  Gas  Jour.,  vol.  12,  Oct.  9, 1913,  p.  30. 
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HOTBWO&CTT  UnB&BBT  IN  TBE  TSDTJBTBY. 

Oilmore  '  says  further,  regarding  the  gasolme  industry  in  California : 

In  the  manufactiue  of  this  much-needed  commodity  [gasoline]  more  interest  has 
been  shown  during  the  past  year  than  in  oil.  Many  experiments  have  been  made  and 
every  theory  brought  forth  and  worked  upon  to  bring  out  the  greatest  percentage 
possible  in  extracting  the  motor  fuel  from  crude  oil  and  gas.  Refrigeratiiig  and  freezing 
processes  have  worked  overtime  and  enthusiastic  estimates  of  the  possibilitiee  likely 
to  be  attained  have  been  published,  leading  to  the  belief  that  the  very  air  around  an 
oil  weU  would  be  converted  into  liquid,  but  from  general  observations  made  in  the 
field  most  of  these  experiments  are  sdll  in  their  incipiency .  It  has  been  demonstrated 
that  low-gravity  oil  and  its  gas  do  not  contain  proportions  of  gasoline  equal  to  thoee  of 
the  higher  grade,  and  every  effort  to  bring  out  and  increase  the  percentage  has  been  a 
failure.  It  is  contended  that  the  gas  found  in  the  Olinda  field  and  worked  out  through 
the  refrigerating  process  contains  a  larger  percentage  than  could  be  given  by  the  com- 
pressor method.  This  is  a  matter  of  theory  alone.  The  "plant ''  so  far  has  not  pioved 
its  efficiency  over  the  latter  method  and  has  fallen  far  short  of  expectations.  They 
are  making  about  1,000  gaUons  per  day.  The  same  results  and  possibly  better  would 
have  been  obtained  with  the  compressor  system.  They  claim,  however,  that  if  the 
results  are  no  larger  the  running  expenses  are  considerably  less. 

In  the  Santa  Maria  field,  where  the  gravity  of  the  oil  runs  above  30^  B.,  gasoline  of 
the  best  gravity  is  manufactured  from  casing-head  gas.  The  field  is  noted  for  its  large 
amount  of  escaping  gas,  and  during  the  past  two  years  a  number  of  plants  have  been 
installed.  Each  of  these  up  to  the  present  time  has  shown  an  increase  rather  than  a 
decrease  in  output,  and  what  is  more  the  operation  of  these  ''plants"  has  shown  a 
tendency  to  increase  the  amount  of  production  in  the  weUs  from  which  the  gas  is 
taken,  the  result  of  the  vacuum  caused  in  draining  out  the  gas. 

MARKKTIKQ  THE  PRODITOT. 

Nearly  all  of  the  production  of  casing-head  gasoline  is  marketed  in  southern  Cali- 
fornia. The  coast  towns,  such  as  Santa  Barbara,  Santa  Maria,  and  Ventura,  get  a 
liberal  supply  from  the  Santa  Maria  field.  The  Pinel-Dome  people  ship  their  product 
here  and  market  from  tank  wagons;  the  Purity  gasoline  is  shipped  to  a  distributing 
station  here  and  is  marketed  in  the  city  and  through  adjoining  towns  and  citiee.  The 
Union  Oil  Co.  markets  the  product  of  the  Pacific  Co.  and  its  own. 

Investigations  made  prove  that  where  the  gravity  is  not  lowered  below  62^  or  64^*  B. 
there  is  no  perceptible  difference  between  this  article  and  that  manufactured  from 
crude  oil.  Wherever  an  inferior  grade  is  placed  on  the  market  it  is  in  every  instance 
the  result  of  reducing  below  the  commercial  grade  by  the  application  of  too  large  a 
percentage  of  distillate,  and  this  may  happen  to  all  grades.  This  is  frequently  the 
result  of  low  prices  being  advertised,  and  until  methods  are  adopted  that  will  call  for 
an  inspector  and  impose  a  penalty  for  selling  anything  below  a  given  specific  gravity 
these  dishonest  methods  will  probably  continue.  These  adulterations  are  brought 
about  by  the  retailers,  and  not  by  the  manufacturers,  it  is  claimed. 

Regarding  immediate  futm'e  developments  Mr.  Gilmore,  in  a  letter 
to  the  authors,  states  that  ''the  Union  Oil  Co.  expected  to  extract 
with  a  new  installation  about  8,000  gaUons  per  day  from  8,000,000 
cubic  feet  of  gas,  and  a  new  plant  owned  by  A.  F.  Gilmore  is  expected 
to  add  another  1,000  gallons  per  day,  making  a  total  of  25,450  gallons 
per  day." 

a  Oilmore,  Frank,  Gasoline  in  Oaliloniia:  Oil  and  Oas  Jour.,  vol.  12,  Oct.  9, 1913,  p.  30. 
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DISTBIBimON  OF  PLAKTS. 

Lauey  ^  writes  as  follows  regarding  the  production  of  gasoline  in 
California. 

The  coast-range  mountainB  divide  the  State  into  two  great  groups  known  as  the 
coast  fields  and  the  interior  or  valley  fields.  In  the  former  group  are  the  Santa  Maria 
Yentma,  Newhall,  Salt  Lake,  and  FuUerton-Whittier,  while  the  Coalinga,  Lost  Hills, 
McSdttrick,  Kern  River,  Sunset,  and  Midway  fields  comprise  the  latter  group.  The 
valley  fields  have  but  one  gasoline  plant  and  that  inoperative,  while  every  field  in 
the  former  group  has  one  or  more  plants  either  in  the  course  of  construction  or  having 
been  in  actual  operation  for  a  year  or  more.  And  this  in  spite  of  the  &M:t  that  pro- 
duction of  both  gas  and  oil  in  the  valley  fields  is  many  times  greater  than  that  from 
the  fields  to  the  west  of  the  mountains.  That  not  all  the  gas  is  suitable  for  gasoline 
production  is  true,  but  it  will  undoubtedly  be  found  when  a  thorough  examination 
is  made  of  these  gases  that  the  volume  carrying  considerable  gasoline  costituents  is 
as  great  if  not  greater  than  in  all  the  rest  of  the  State  taken  together.  The  total  num- 
ber of  gasoline  plants  in  these  fields  is,  at  the  present  writing,  16,  having  a  capacity 
in  excess  of  24,000,000  cubic  feet  of  gas  and  producing  upwards  of  25,000  gallons  of 
this  valuable  commodity  daily. 

METHODS  BMPLOYBD. 

In  general  the  methods  employed  in  recovering  the  condensible  fraction  from  the 
gases  in  these  fields  are  similar  to  those  used  elsewhere  in  the  country,  the  variations 
being  due  to  differences  in  local  conditions.  A  great  deal  of  the  gas  worked  is  obtained 
from  flowing  wells  in  combination  with  the  oil  and  is  separated  in  gas  traps,  being 
lead-line  rather  than  casing-head  gas.  Naturally  this  gas  is  often  hi  from  clean,  and 
in  some  cases  leaves  the  trap  at  high  temperatures  (100^  to  120^  F.— 38^  to  49^  C),  and 
it  has  been  found  necessary  to  use  some  form  of  precooling  to  lower  the  temperature 
before  leading  the  gas  to  the  machine,  and  in  many  cases  scrubbers  have  been  em- 
ployed in  order  .to  remove  the  heavier  distillates  and  any  foreign  matter  that  might 
work  harm  to  the  compressor  cylinders  and  valves. 

The  pressures  used  run  geneially  from  210  to  250  pounds  per  square  inch,  with  the. 
exception  of  one  plant  using  an  ammonia  refrigerating  system  where  the  product  is 
obtained  at  40  pounds  pressure.  There  is  one  plant  using  three-stage  compression; 
the  majority  use  two-stage,  but  since  their  final  pressures  are  250  pounds  the  only 
apparent  advantage  of  this  variation  is  that  they  get  one  more  cut  in  their  product, 
and  this  advantage  disappears  when,  as  is  done  in  most  cases,  the  different  cuts  are 
an  run  into  one  stock  tank  and  allowed  to  blend. 

The  problem  of  final  cooling  of  the  compressed  gas  has  been  approached  in  a  va- 
riety of  ways,  chief  among  which  are,  first,  by  aUowing  the  compressed  gas  to  expand 
through  a  controlling  valve  or  an  orifice  around  the  pipe  containing  the  incoming 
compressed  gas;  second,  by  means  of  an  ammonia  refrigerating  plant,  auxiliary  to  the 
main  plant;  and  third,  by  expanding  the  compressed  gas  through  a  power  cylinder 
and  using  the  power  thus  made  available  for  any  one  of  a  variety  of  purposes  around 
the  plant,  such  as  redistributing  the  residue  gas  over  the  lease,  assisting  in  the  opera- 
tion of  the  main  compressor  or  operating  another  low-pressure  compressor  cylinder  in 
parallel  with  that  of  the  main  machine.  This  third  method  seems  to  be  by  far  the 
most  fnactical,  where  low  temperatiu'es  are  desirable,  for  not  only  can  as  low  or  lower 
temperatures  be  obtained  by  this  method  as  by  either  of  the  other  methods,  but  a 
part  of  the  power  expended  in  the  main  engines  in  compressing  the  gas  is  here  re- 
covered and  put  to  some  useful  purpose.    The  principal  difficulties  po  far  encoun- 


«  The  production  of  natural  gasoline  in  California,    The  Bessemer  Monthly,  December,  1913,  p.  1. 
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tered  in  dealing  with  the  eKtremely  low  tempentore  obtained  in  this  expanding 
cylinder,  frequently  aelowaB-SO^  to— 60®  F.  (-46"^  to  —51''  0. ),  have  been  those  of 
lubrication  and  obetruction  due  to  congealed  moisture.  The  fonner  can  usoally  be 
ovefcome  by  using  a  good  grade  of  low-temperature  oil  and  by  exercising  care  in  so 
feeding  this  oil  to  the  cylinder  and  valves  that  it  is  applied  directly  to  the  surCaces 
in  contact.  The  problem  of  removing  aU  moisture  from  the  gas  before  allowing  it  to 
enter  the  expanding  cylinder  is  not,  in  all  cases,  so  simple  as  would  appear,  for  in 
spite  of  the  fact  that  the  temperature  of  this  gas  before  expansion  is  sevend  degrees 
below  the  freezing  point  of  water,  a  certain  amount  of  moisture  sometimes  persists  in 
spite  of  all  efforts  to  trap  it  out  and  later  freesBes  either  in  the  expanding  cylinder 
or,  as  is  more  frequently  the  case,  in  the  double  cooling  coils,  necessitating  the 
application  of  heat  from  time  to  time  to  thaw  them  in  order  that  the  operation 
may  continue.  To  eliminate  the  possibility  of  shutdowns  from  this  cause  it  has 
been  found  necessary  in  some  cases  to  install  double  coils  in  duplicate,  so  that  one 
half  may  be  shut  down  for  thawing  without  seriously  disturbing  the  operation  of  the 
plant.  A  little  warm  high-pressure  gas  led  to  these  coUs  has  proved  a  very  simple  and 
convenient  means  of  removing  this  accumulation  of  frost. 

DBTAII.8  OF  EQTJIPMBMT. 

With  lower  temperatures  has  come  a  recognition  of  the  value  and  importance  of 
thorough  insulation  of  all  piping  through  which  this  low-temperature  gas  is  handled. 
This  insulation  is  usually  accomplished  by  boxing  the  coils  and  paclring  with  dry 
sawdust,  while  all  other  piping  is  covered  with  a  good  grade  of  molded  cork  insulation. 
The  finer  details  of  construction  and  operation  such  as  this  were  neglected  during 
the  earlier  attempts  at  the  recovery  of  gasoline,  but  their  importance  is  now  being 
fully  recognized,  and  in  the  most  up-to-date  plants  all  condensing  equipment  following 
the  water-cooling  coils  is  housed  and  the  piping  carefully  insulated. 

The  value  of  automatic  traps,  for  handling  the  gasoline  from  the  accumulatorB  as 
fast  as  it  is  condensed,  in  order  to  eliminate  as  far  as  possible  the  solution  of  com- 
pressed gas  in  the  product,  is  rapidly  being  appreciated,  and  at  nSany  plants  the 
vapor  teusions  and  evaporation  losses  have  been  materially  reduced  by  the  adoption 
of  these  simple  devices. 

nCPO&TAKCB  OF  WATBB  ST7PPLY. 

Another  obstacle  that  the  California  operators  have  had  to  overcome  is  the  diflSculty 
of  obtaining  water  in  sufllcient  quantities  and  of  such  temperature  as  is  necessary 
for  cooling  purposes.  Water  must  be  carefully  conserved,  for  most  of  it  is  brought 
from  some  outside  source  and  water  bills  form  no  small  item  in  the  operating  expenses 
of  a  plant.  This  conservatbn  has  been  accomplished  by  using  the  same  water  over 
and  over  again,  pumping  it  through  cooling  towers  and  reducing  its  temperature  by 
evaporation  before  leading  it  again  over  the  cooling  coils  and  through  cylinder 
jackets.  Only  enough  new  water  is  added  from  time  to  time  to  make  up  for  evapo- 
ration losses  and  those  due  to  unavoidable  leaks. 

SPECIFIC  OBAVITY  AND  PBICB  OF  PBODTJCT. 

The  gravity  of  the  product  obtained  varies  greatly,  running  as  low  in  some  cases  as 
67°  B.,  while  in  others  it  varies  between  85°  and  90°  B.,  this  gravity  being  the  blend 
of  all  the  cuts  from  any  one  plant. 

The  price  obtained  for  the  unblended  product  ran  in  the  neighborhood  of  10  cents 
at  the  plant,  but  some  of  the  laiger  operators  are  doing  their  own  blending,  and  mar- 
keting a  resulting  product  at  62°  B.  that  brings  them  from  15  to  17  cents,  thus  realizing 
the  maximum  return  from  the  production  of  their  plants. 
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THE  INDUSTRY  IN  THE  MID-CONTINENT  FIBU>. 

DBTAHiS  OF  PBODTTCmON. 

In  the  Mid-Contiiient  field  the  first  plant  was  installed  in  1909 
by  D.  W.  Franchot  at  Eiefer^  Okla.  At  the  close  of  the  year  1911 
there  were  7  plants  in  operation,  making  about  2,000  gallons  of  gaso- 
line daily.  In  June,  1913,  there  were  23  plants.  Table  1,  following, 
shows  the  location  of  some  of  the  plants  in  the  Mid-Continent  field 
on  June  1, 1913,  the  quantity  of  gas  used,  the  number  of  wells  used, 
the  number  of  compressor  units,  the  reduced  pressure  to  which  gas  is 
subjected  when  drawn  from  the  wells,  the  compression  to  which  the 
gas  is  subjected  in  the  compressors,  the  quantity  of  gasoline  produced, 
the  gravity  of  condensate  in  the  accumulator  tank,  the  purpose  for 
which  the  condensate  is  used,  the  value  of  the  plant,  and  the  quan- 
tity of  the  gasoline  sold.    Complete  returns  were  not  obtained. 

TA3iJi  1. — Details  ofpro<htetioriofffaioHneJrom  natural  ^  in  the  Mid'Continent  field 

in  June,  191 S. 
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.do. 
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.do..., 
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.do..... 
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Valoe 
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equip- 
ment. 


Quan- 
tity of 
gasoline 
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17,000 
34,000 


40,000 
6,000 

11,000 


6,600 
11,000 


10,000 


13,000 


10,000 


OdOofu. 


38,000 
8,000 


60,000 


46,000 
4,000 

3,()00 


4,600 
8,700 


19,000 


18,000 


10,000 


QTrANTITT  ANB  VALUE  OF  OOITOBNSATB. 

These  plants,  with  others  in  Oklahoma  not  listed  in  the  foregoing 
table,  produced  about  350,000  gallons  of  natural-gas  condensate 
during  April.    The  Tahie  of  the  condensate  is  estimated  at  $35,000, 
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about  600  wells  being  utilized.  At  the  dose  of  May,  1913,  there 
were  in  Oklahoma  25,612  producing  oil  welk,  making  about  4,000,000 
barrels  of  oil,  worth  $3,520,000,  at  88  cents  a  barrel,  the  price  then 
prevailing.  If  the  average  percentage  of  gasoline  obtainable  from 
Oklahoma  crude  oil  by  refining  is  estimated  to  be  14,  then  23,520,000 
gallons  of  gasoline  could  be  produced,  which,  at  the  rate  of  15  cents 
per  gallon,  would  be  worth  $3,528,000. 

Gas  from  about  2  per  cent  of  the  total  oil  wells  was  used  for  making 
gasoline.  The  gasoline  made  from  casing-head  gas  was  probably  less 
than  1  per  cent  of  the  gasoline  produced  at  the  refinery. 

At  the  end  of  the  year  1913  there  were  40  plants  iu  operation  in 
Oklahoma.    The  value  of  gasoline  produced  in  1913  was  $577,944.^ 

FT7TUBB  OF  THE  INDTJBT&Y  IK  OKLAHOMA. 

It  has  been  stated  that  about  25,000  producing  wells  were  in  opera- 
tion on  the  last  day  of  May,  1913,  and  that  500  were  used  for  gaso- 
line production.  It  is  not  to  be  inferred  that  all  of  these  wells  will 
contain  gas  of  sufiicient  volume  or  proper  character  to  produce 
gasoline. 

Probably  less  than  one-third  of  the  total  number  of  wells  will  be 
available,  owing  to  the  reasons  following.  These  reasons  also  apply 
of  course  to  other  locaUties  in  the  United  States. 

(1)  Insufficient  gas  yield. 

(2)  Unfavorable  location  of  wells  with  reference  to  transporta- 
tion of  finished  product. 

(3)  Poor  quality  of  gas. 

On  the  other  hand,  gas  from  many  wells  that  have  not  been  utilized 
as  yet  will  produce  gasoline  in  paying  quantities.  Many  wells  that 
do  not  produce  gas  of  proper  character  now  will  do  so  in  the  future 
as  the  wells  grow  older.  This  statement  is  substantiated  by  the 
experience  of  many  operators  in  the  Appalachian  fields.  There  the 
old  wells  are  producing  gas  that  is  the  richest  in  gasoline  vapors. 
The  final  maximum  yield  per  1,000  cubic  feet  of  gas  will  be  reached 
when  the  minimum  pressure  is  reached  in  the  oil  well.  The  gasoline 
yield  shotdd  then  become  practicaUy  constant. 

The  Muskogee,  Okmulgee,  Gushing,  and  Cleveland  oil  fields  in 
Oklahoma  possess  many  wells  that  are  promising.  The  outlook  for 
large  producing  wells  in  the  north  of  the  State  is  not  so  promising. 
Seemingly  there  is  not  enough  gas  in  many  territories  to  warrant 
the  installation  of  gasoline  plants.  There  are,  however,  many  favor- 
able locations,  and  to  date  those  plants  that  have  been  developed  in 
the  northern  region  are  profitable  notwithstanding  the  small  size 
and  great  number  of  wells  connected. 

a  Hfll,  B.,  Natural  gw:  Uhunl  ReBoaroM  U.  B.  for  191S:  U.  B.  QwA,  Sorrejr,  1914,  P- 1481. 
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DEVELOPMENT  OF  INDUSTRY  IN  FOREIGN  COUNTRIES. 

Development  of  the  industry  in  foreign  countries  has  been  slow. 
The  authors  have  knowledge  of  one  plant  at  Payta,  Peru,  installed 
by  Americans.  The  plant  handles  60,000  cubic  feet  of  gas  per  day. 
Another  small  plant  in  the  GaUcia  oil  fields,  Austria-Hungary, 
handled  20,000  cubic  feet  of  gas  per  day. 

TOTAL  OASOUNE  PRODUCTION  IN  THE  UNITED  STATES. 

PRODxroriON  ik  loii  and  1012. 

The  following  table,  covering  gasoline  production  in  the  United 
States  for  1911  and  1912,  is  taken  from  data  compiled  by  Hill:* 

The  production  of  gasoline  from  natural  gas  in  1911  and  19  It  in  the  United  States. 


State. 


WvtVirgtnla. 
PcDovylvania. 
Ohio, 


OkSabonia.. 
CBlffomk.. 

nUooB 

Colorado... 
New  York. 
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66 
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25 
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Produetfcm. 


1911 


GaUont. 
8,660,165 
1,467,043 
1,678,965 
388,068 

231,688 


7,425,839 


1912 


1 


GaUont. 
5,318,136 
2,041,109 
1,718,719 
1,575.644 
1,040,605 

386,876 


12,061,179 


PRODUCTION  IK  1018. 


The  data  following  show  the  production  of  gasoline  from  natural 
gas  for  the  year  1913.  The  figures  are  taken  from  data  obtained  by 
the  United  States  Geological  Survey.*' 

ProthLction  of  gasoUne  from  natural  gas  in  the  United  States  in  191S,  by  States. 


state. 


West  Virginia. 
Pumsylvaiiia. 

Ohio.: 

OUahoma... 

Oalifom^ 

SUnofe 

Coloondo 

NewYofk..... 
Kaitacicy 


Total. 


Number  of 
operators. 


63 

100 

25 

19 

12 

6 

2 

3 

1 

1 


232 


Number  of 
plants. 


(») 


115 
40 
113 
40 
14 
12 
2 
3 


Yearly 
capacify. 


OaJloru. 

7,662,493 

3,680,096 

2,072,687 

6,462,968 

3,460,747 


721,826 


24,060,817 


Value  of 
year's  pro- 
duction. 


8807,406 
405,186 
212,404 
677,944 
876,227 


79,276 


2,458,443 


a  Hill,  B.,  Natoial  fcas:  Mlnenl  Resouroes  U.  8.  for  1913,  XT.  S.  Qeol.  Survey,  1914,  pp.  1479-1480. 
t  Natnial  oondaDsatlon  in  the  p^pes. 
«  BSl,  B.,  Opb  dt. 


20  COHD£H8ATION  OF  QASOLUTE  FROM  NATUBAL  GAS. 

According  to  these  figoieB  the  increase  in  the  production  of  gasofine 
from  natural  gas  in  the  United  States  for  the  year  1913  over  the  year 
1912  was  about  100  per  cent.  According  to  the  United  States  Geo- 
logical Survey  figores,  the  rate  of  increase  for  1912  over  1911  was  63 
percent. 

According  to  Hill,  the  total  estimated  consumption  of  natural  gas 
in  the  United  States  in  1912  was  562,203,452,000  cubic  feet,""  and  the 
total  quantity  used  for  making  gasoline  was  4,687,796,329.^  This 
latter  figure  represents  gas  not  inchided  in  the  total  consumption, 
for  it  covered  gas  principally  going  to  waste.  At  the  close  of  the 
year  1913,^  this  figure  was  9,899,441,500  cubic  feet  and  the  total 
quantity  of  gas  used  for  all  purposes  was  581,898,239  cubic  feet.^ 
The  percentage  of  natural  gas  used  for  making  gasoline  was  1.7. 

CHEMISTRT  OF  NATURAIj  GAS. 

In  the  gasoline  industry  natural  gas  is  popularly  classified  in  two 
great  divisions — "wet"  gas  and  "dry"  gas.  Qss  not  intimately 
associated  with  oil  is  known  as  "dry"  gas;  that  in  the  same  stratum 
with  oil  and  in  intimate  contact  with  it  is  the  so-called  "wet"  gas, 
from  which  gasoline  is  condensed.  As  the  result  of  many  analyses, 
the  Bureau  of  Mines  finds  that  natural  gas  is  a  mixture  in  which  the 
hydrocarbons  of  the  paraffin  series  predominate  and  that  smatt  pro- 
portions of  nitrogen,  carbon  dioxide,  and  water  vapor  are  pMsent. 
In  a  few  samples  of  natural  gas  the  bureau  has  f oimd  that  the  carbon 
dioxide  may  amount  to  as  much  as  10  per  cent;  in  one  sample  it 
amounted  to  31  per  cent.  Another  natural  gas  examined  contained 
97.9  per  cent  of  nitrogen,  0.10  per  cent  of  carbon  dioxide,  and  2  per 
cent  of  methane.  Hence  the  proportions  of  carbon  dioxide  and 
nitrogen  may  in  exceptional  samples  be  large. 

Carbon  monoxide,  hydrogen,  hydrocarbons  of  the  olefin  series,  or 
other  gases  that  most  textbooks  state  are  constituents  of  natural  gas 
are  not  present.    Hydrogen  sulphide  is  found  in  some  natural  gas. 

NATUBAIi-GAB  ANALYSES  MADE  BY  THE  BTTBEATT. 

The  results  of  some  natural-gas  analjrses  made  by  the  bureau  are 
shown  in  Table  2,  following.  They  are  given  to  show  the  variation 
in  composition  of  different  samples  of  natural  gas: 

a  Hill,  B.,  Natural  gas:  Mliiflnl  Resouioes  U.  B.  for  1913,  QeoL  Qamty,  1914,  p.  1414. 
b  Hill,  B.,  op.  clt.|  p.  1480. 
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0H£MI8TBY   OF  NATUfiAL  QAS.  2d 

NOTES. 

Sample  1871.— The  gas  sampled  comes  from  the  fourth  sand,  which  is  800  feet  deep. 
The  rock  pressure  in  the  well  was  300  pounds  per  square  indi.  The  capacity  of  the 
well  was  3,000  cubic  feet  of  gas  per  day. 

Sample  1889. — The  sample  came  from  the  third  sand.  Five  gas  wells  were  tapped 
by  the  pipe  line  from  which  the  gas  sample  was  drawn.  The  rock  pressure  at  the 
wells  was  62  pounds  per  square  indi. 

Sample  1872. — GoUected  in  Clarion  County,  Pa.,  near  the  town  of  Mill  Creek. 
The  sample  came  from  the  Bradford  or  Little  Bradford  sand,  which  is  2,100  feet  deep. 
The  rock  pressure  was  850  pounds  per  square  inch  and  the  capacity  of  the  well  3,000,000 
cubic  feet  a  day.  This  gas  contains  a  higher  percentage  of  the  heavier  parafi^  hydro- 
carbons  than  does  the  gas  represented  by  sample  1871  that  comes  from  the  shallower 
sand. 

Sample  1848. — The  sample  was  collected  at  well  No.  14  of  the  A.  W.  Starr  farm. 
The  gas  is  from  the  Speecfaley  sand. 

Sample  1838. — The  sample  was  coUected  from  the  No.  1  well  on  the  J.  S.  Somer- 
vine  farm.    The  gas  comes  from  the  fourth  sand. 

Sample  S177. — ^The  sample  was  taken  from  the  CoUinsville  pipe  line  in  the  pumping 
station  of  the  Kansas  Natural  Gas  Co.  at  the  north  end  of  the  Hogshooter  field.  This 
line  tapped  about  40  gas  weUs.  The  initial  rock  pressure  of  the  wells  was  490  pounds 
per  square  inch.  At  the  date  of  collection  of  the  sample  the  pressure  had  dropped  to 
120  pounds.  This  was  one  of  the  few  samples  of  natural  gas  analyzed  by  the  bureau 
th&t  contained  only  methane  as  the  combustible  constituent  when  the  sample  came 
from  a  sand  in  close  proximity  to  sands  producing  oil.  Most  gas  from  the  oil  regions 
contains  other  paraffin  hydrocarbons  besides  methane,  and  gas  coming  from  the  same 
sand  as  the  oil  invariably  contains  other  paraffin  hydrocarbons.  It  is  difficult  to 
explain  the  presence  of  an  enormous  quantity  of  methane  gas,  such  as  is  contained  or 
was  contained  in  the  Hogshooter  pool,  in  close  proximity  to  oil  sands.  If  gas  and  oil 
were  of  conmion  origin  in  the  particular  region,  one  would  suppose  that  the  Hogshooter 
gas  should  contain  higher  members  of  the  paraffin  hydrocarbons  than  methane,  as  do 
the  gases  from  neighboring  oil  weUs.  The  phenomenon  might  be  connected  in  some 
way  with  the  movement  of  the  gas  through  strata  whereby  ethane  and  still  higher 
paraffin  hydrocarbons  were  separated. 

Sample  2121. — The  sample  represented  a  casing-head  gas  from  the  Glenn  sand. 
It  was  collected  about  2,000  feet  east  of  the  railroad  station  at  Eiefer,  Okla. 

Sample  2445. — ^The  sample  was  collected  at  the  Cully  well  on  the  Ellis  farm.  The 
well  was  340  feet  deep  and  was  drilled  in  1903.  A  large  amount  of  Jiydrogen  sulphide 
was  present  in  the  sample.  The  determination  of  the  hydrogen  sulphide  was  made 
by  absorbing  the  HgS  in  a  standard  iodine  solution  and  titrating  with  a  standard 
sodium  thiosulphate  solution.  Other  sulphur  compounds  may  have  been  present; 
hence  the  assumption  that  2.9  per  cent  was  all  H2S  may  be  wrong.  The  gas  pos- 
sessed the  odor  of  HgS. 

Sample  2444. — ^The  sample  was  obtained  in  the  same  locality  as  8ample*2445,  but 
fiom  a  different  well.  Tlie  well  was  280  feet  deep.  Both  wells  were  drilled  in 
1903.  The  hydrogen  sulphide  content  of  this  sample  is  much  smaller  than  that  of 
sample  2445. 

Sample  lOSl. — ^The  sample  is  classified  as  a  marsh  gas  in  distinction  from  those 
gases  tliat  are  found  in  the  oil  field  an4  contain  appreciable  quantities  of  the  higher 
p^rftfBTi  hydrocarbons. 

Sample  lOSS. — ^The  sample  was  collected  at  a  near-by  seepage  in  the  same  locality. 
The  gas  was  simply  bubbling  up  through  marshy  ground. 

Sample  106S.—The  sample  was  collected  from  a  slough  on  the  Brown  i&rm.  It  also 
represented  a  marsh  gas. 

Sample  189S. — ^Tbe  sample  was  collected  from  15  oil  wells,  Nos.  1  to  15,  of  the  Atlan- 
tic Befining  Go.  (South  Penn  Oil  Co.). 
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Sample  1066, — The  striking  feature  of  this  sample  b  the  high  p^centage  of  nitrogen. 
A  well  had  been  drilled  and  the  gas  was  issuing  from  it  in  considerable  quantity. 
For  present  purposes  to  which  natural  gas  is  put,  the  gas  would  of  course  be  worthleBs. 

Sample  1S78. — ^The  sample  was  collected  from  a  slough  about  15  feet  in  diameter. 
It  represented  what  was  seemingly  another  marsh  gas. 

The  last  eight  samples  given  in  the  table  were  taken  from  natural 
gas  supplied  the  city  in  which  the  sample  was  obtained. 

COMMENTS  ON  THE  ANALYSES. 

It  will  j!>e  observed  that  the  samples  ranged  in  heating  value  from 
724  to  1,657  British  thermal  units  per  cubic  foot  at  0°  C.  and  760  mm. 
normal  pressure,  except  one  sample  which  had  the  abnormally  low 
heating  value  of  21  British  thermal  units  per  cubic  foot. 

The  analytical  results  show  only  approximately  the  quantity  of 
the  individual  hydrocarbons,  although  the  percentages  of  total  par- 
affin hydrocarbons  are  correct.  The  heating  values  of  the  samples, 
as  calculated  from  the  analyses,  are  also  correct.  A  discussion  of 
natural-gas  analyses  is  found  in  Bulletin  42  of  the  Bureau  of  Mines.^ 
The  causes  of  erroneous  results  that  are  frequently  reported  are  there 
explained. 

KBTHOD  OF  ANALYSIS  USED. 

The  ascertaining  of  the  exact  proportions  of  the  different  hydro- 
carbons that  may  be  found  in  natural  gas  has  long  been  a  stumbling 
block  in  gas  analysis.  The  ordinary  eudiometric  method  of  analysis 
offers  Uttle  in  the  way  of  a  complete  separation  of  a  natural  gas  into 
its  various  constituents.  Determination  of  the  total  paraffin-hydro- 
carbon content;  with  an  approximate  determination  of  the  individual 
paraffins  present,  has  been  the  only  end*  attained.  The  Bureau  of 
Mines  in  working  on  this  problem  succeeded  in  separating  a  natural 
gas  into  its  individual  paraffins  by  means  of  fractional  distillation 
at  low  temperatures.  Natural  gas  was  first  liquefied  by  means  of 
Uquid  air,  and  then  separated  into  its  constituents  by  fractionation 
in  vacuum  at  different  temperatures. 

The  results  of  a  complete  analysis,  including  the  quantity  of  each 
paraffin  hydrocarbon  found  by  the  above  method  follow.  For  com- 
parison, the  results  of  an  eudiometric  analysis  of  the  natural  gas  of 
Pittsburgh  are  also  included. 

*  Analytical  results  obtained  by  two  m>ethods. 


Constituent. 


Methane 

Ethane 

Propane 

Butane  (chiefly) 

Nitrogen 

a  Buirell,  G.  A.,  and  Selbert,  F.  M.,  The  sampUiig  and  anminstlan  of  rnlna 

116  pp. 


Resoits 

obtained 

by  Uqui- 

factioaand 

fractiooa- 
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Percent. 
84.7 
9.4 
3.0 
1.3 
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Results 
obtained 
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analysis. 


Percent 
7B.3 
19.6 


1.2 


and  natmil  fas,  1913| 
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Inchided  in  the  nitrogen  content  of  the  above  analj^ses  is  0.03  per 
cent  of  carbon  dioxide  present  in  the  natural  gas.  The  natural  gas 
supplied  to  Pittsburgh  can  not  be  used  for  the  commercial  production 
of  gasoline,  although  it  contains  sufficient  of  the  higher  paraffin  hydro- 
carbons, the  butanes,  pentanes,  and  hexanes,  to  produce  some  con- 
densation (drip)  in  the  pipe  lines  in  the  winter  time.  These  hydro- 
carbons are  present  in  small  quantity,  as  shown  by  fractionation 
expmments  conducted  by  the  bureau.  It  is  only  because  of  the 
immense  volume  of  gas  passing  through  the  lines  that  appreciable 
condensation  of  vapor  occurs. 

A  ^^wet"  natural  gas  from  which  gasoline  is  obtained  commer- 
cially was  also  subjected  to  fractionation.^    The  results  follow: 

Percent. 

Methane 36.8 

Ethane 32.6 

Propane 21.1 

Butanes,  pentanes,  hexanee,  etc 9. 5 

Total,  including  1.00  per  cent  nitrogen  and  0.03  per  cent  carbon 
dioxide : 100.0 


PBOPEBTIES  OF  THE  PABAFFIN  HYBBOCABBONS. 

The  properties  of  those  hydrocarbons  of  the  paraffiii  series  that 
concern  the  gasoline  industry  are  given  below: 

Properties  of  seven  paraffin  hydrocarbons. 


Hydrocaiiwm. 

For- 
mula. 

Boa- 

points 

8m> 

ciRc 

gravity 

(atcyc. 

and  760 

mm.; 

air-l). 

Wefght 
liter. 

Heat- 
ing 
value 
per 
cable 
Ibot 
atO^C. 
and  760 
mm.e 

Illumi- 
nating 
value. 

Liquefoctioa 
point. 

Calculated 

volume 

of  gas 

(at60«F. 
and  30 
inohm 

pressure) 
froml 
gallon. 

Theoreti- 
cal volume 

of  air 
necessary 
to  bum  1 
cubic  foot 

of  gas. 

Mfltbaoeii..... 

CU4... 

CtH«.. 
C«Hw. 

&!"• 

C«Hm. 
CtHm, 

•a 
-UK) 

-93 

-46 

1.0 

3«.4 

68.9 

98.4 

a554 

1.049 
1.530 
2.004 

Onvu. 

0.7159 

1.3567 
1.9660 
2.594 

B.t.u. 

1,065 

1,861 
2,654 
3.447 
4.250 
5,012 

BrUinh 
candle- 
power. 

e5.0 

^35.0 
^53.9 

Lbt, 

pertq. 

•C.     huA. 

/-95. 5  at  735/ 

\-81.8at807ff 

+35    at664< 

+97    at  647a 

\ 

CtMefeel. 
9.57 

Ethanetf 

Pro]HDe< 

Butanea 

45 
37 
31 
27 

16.72 
23.93 
31.10 

Ptatanei 

38.28 

Hexaoek 

Heptanek 

mi  paper  oovenng  m  aeoui  vob  meinoa  oi  aepfuvung  gases  sua  uio  reBuira  oi  expenmenui 

I  betDX  prepared. 

I,  A.  ¥.,  Organic  chemistry,  edited  bv  A.  J.  Walker,  1910,  p.  41. 

md  BCmstem,  PhyaikaUscu-chemiscne  Tabellen,  3d  ed.,  1905,  pp.  416, 425  (J.  Thomaen). 


*  A  tBchnlfal  paper  covering  in  detail  this  method  of  separating  gases  and  the  results  of  experiments  by 
thabareanisr  ' 

^HoUeman, 

cLandoltand , --^- 

*  Oas  at  ordinary  temperature. 

«  Wright.  L.  T^  Oluminating  power  of  methane;  Jour.  Chem.  Soc.,  vol.  47, 1886,  p.  200. 
/  Landoltand  Bfimstein,  Physikalisch-chemiache  Tabellen,  3d  ed.,  1905,  pp.  185  fDewar). 
f  LttdQltaod  Bteistein,  Physlkalisch-chemische  TabeUen,  3d  ed.,  1905,  p.  185  (Olszewski). 

*  FraoUand,  P.,  Illuminating  power  of  methane:  Jour.  Chem.  Soc.,  vol.  47, 1885,  p.  235. 
( Undolt  and  BiOmstafai,  PhyriADaUsob^cheaiisdie  TabeUen,  3d  ed.,  1906,  p.  182  (Dewar). 
k  Liqakl  at  ordinary  temperature. 
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Methane^  ethane^  propane,  and  butane,  as  shown  by  the  above 
table,  are  gases  under  ordinary  atmospheric  conditions.  Pentane, 
hexane,  and  heptane  are  Uquids  and  are  the  chief  constituents  of 
ordinary  refinery  gasoline.  Of  the  four  gases  mentioned,  methane  is 
the  most  difficult  to  liquefy.  At  any  temperature  below  — 160^  C. 
it  becomes  liquid  when  its  pressure  is  1  atmosphere.  The  boiling 
point  of  the  hquid  is  — 160**  C.  Above  — 160®  C.  greater  pressures 
are  necessary  to  Uquefy  methane,  until  at  a  temperature  of  —95.5** 
C.  a  pressure  of  735  pounds  per  square  inch  is  required.  These  two 
values  are  the  critical  temperature  and  the  critical  pressure,  respec- 
tively, for  methane.  No  matter  what  the  pressure  applied  to  the  gas 
methane,  it  can  not  be  Uquefied  at  a  temperature  higher  than  —  95.5° 
C.  The  above  general  statement  holds  true  for  all  gases.  They  can 
be  hquefied  at  atmospheric  pressure  if  the  temperature  is  lowered 
sufficiently,  but  great  pressure  will  not  accomplish  the  liquefac- 
tion until  the  critical  temperature  is  reached.  Ethane  (critical  tem- 
perature, 35®  C;  critical  pressure,  664  pounds  per  square  inch),  it 
will  be  observed,  is  more  easily  Uquefied  and  in  the  hquid  condition 
has  a  higher  boiling  point  (—93®  C.)  than  methane. 

Propane  (critical  temperature,  97®  C;  critical  pressure,  647  pounds 
per  square  inch)  is  more  easily  hquefied  than  methane  or  ethane. 

Butane,  the  critical  constants  of  which  have  not  been  determined, 
must  be  still  more  easily  liquefied  than  the  three  already  mentioned, 
because  in  the  Uquid  condition  it  boils  at  1®  C. 

OCCURRENCE  OF  GASOIiINE  IN  CASINO-HEAD  OAS, 

When  a  gas  bubbles  through  or  comes  in  contact  with  a  Uquid,  it 
takes  up  and  carries  along  vapor  or  minute  particles  from  that  Uquid. 
The  proportion  of  vapor  increases  as  the  temperature  rises,  and  is 
quite  independent  of  the  natmre  of  the  gas  as  long  as  no  chemical 
action  takes  place.  When  a  natural  gas  in  the  earth  comes  in  con- 
tact with  petroleum,  those  fractions  of  the  petroleum  having  the  lower 
boiling  points  are  principally  taken  up,  inasmuch  as  their  vapor  pres- 
sures are  much  higher  than  those  of  the  other  fractions.  If  the  weU 
is  under  reduced  pressure,  products  with  higher  boiling  points  will 
also  be  removed  in  the  gas.  The  vapors  are  carried  with  the  gases 
mentioned,  in  the  same  maimer  that  water  vapor  exists  in  air. 

At  any  particular  temperature  a  fixed  quantity  of  water  vapor 
will  be  foimd  in  the  atmosphere  if  the  latter  has  reached  complete 
saturation,  a  condition  that  seldom  prevails.  Usually  a  limited  sup- 
ply of  water  has  been  encountered  by  the  air,  and  the  atmosphere 
is  spoken  of  as  having  a  certain  relative  humidity,  meaning  that 
the  saturation  is  incomplete  at  the  existing  temperatmre,  or  that  more 
water  vapor  could  exist  in  the  air  were  a  source  of  moistiu^  avail- 
able.    In  a  similar  maimer  gases  in  an  oil  weU  mix  with  heavy 
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hydrocarbon  vapors.  The  amount  of  vapor  carried  will  depend  on 
the  temperature  and  pressure  existing  in  the  earth,  on  the  readiness 
with  which  the  vapors  can  be  obtained,  and  on  the  gasoline  content 
of  the  crude  oil  in  the  well.  A  certain  maximum  quantity  of  the 
heavy  vapors  will  issue  with  the  gases  from  a  well  under  given 
conditions  of  temperature  and  pressure.  The  intimateness  of  contact 
between  the  oil  and  the  gas  is  an  important  factor.  The  maximum 
content,  or  condition  of  complete  saturation,  is  probably  by  no  means 
generally  prevalent.  The  porosity  or  closeness  of  the  strata,  the 
depth  of  the  well,  and  the  rapid  expansion  of  the  gas  from  the  casing 
head  cause  variations  in  the  temperature  of  the  gas.  The  pronoimced 
temperature  effects,  of  course,  appreciably  change  the  capacity  of 
the  gas  to  hold  gasoline  vapor.  Such  rapid  expansion  of  gas  from  a 
casing  head  may  occur  as  to  cause  a  heavy  condensation  of  vapor  at 
the  casing  head,  owing  to  a  lowering  of  the  temperature  of  the  gas. 

At  some  operations,  wells  have  been  imder  reduced  pressure  for  a 
long  time,  so  long,  in  fact,  that  only  small  quantities  of  the  four  per- 
manent gases  already  mentioned  are  left  in  the  strata.  Under  such 
conditions  the  mixture  that  comes  from  the  well  may  consist  almost 
wholly  of  vapors  of  the  liquid  hydrocarbons,  unless  air  has  been  drawn 
into  the  strata,  owiug  to  the  reduced  pressiure. 

BBULTIOK  OF  CHABACTEB  OF  OILS  IN  THE  SAIH). 

The  yield  of  gasoline  from  natural  gas  is  largely  determined  by  the 
proportion  of  the  vapor  of  the  liquid  paraffins  in  the  gas  mixture. 
Therefore  the  character  of  the  oils  in  a  sand  is  of  importance. 

Crude  oil  (petroleum)  is  a  mixtm^e  of  closely  related  complex  hydro- 
carbons and  of  various  other  organic  substances.  There  are  many 
different  compounds  (isomers)  corresponding  to  a  particular  molecular 
weight,  and  the  boiling  points  of  these  isomers  lie  so  closely  together 
that  their  separation  by  fractional  distillation  is  impossible.  The 
Uqnid  hydrocarbons  that  mainly  concern  the  gasoline  industry  are 
the  petanes,  hexanes,  and  heptanes.  However,  small  quantities  of 
even  higher  homologues  are  undoubtedly  obtained. 

Some  information  as  to  the  gasoline  content  of  a  natural  gas  can 
be  gained  by  determining  the  proportion  of  light  constituents  in  the 
oil  with  which  the  gas  is  associated. 

Many  investigations  have  shown  that  the  gasoline  constituents  for 
many  oils  range  from  zero  to  30  or  more  per  cent  of  the  total  volume 
of  the  oil.  Consequently,  many  oils  are  so  heavy  and  their  vapor 
pressures  so  low  at  existing  earth  temperatures  that  the  proportion  of 
vapors  to  be  derived  from  them  is  too  small  to  warrant  the  installation 
of  a  plant. 

The  table  following  shows  the  vapor  pressures  of  the  liqidd  paraffin 
hydrocarbons  at  various  temperatures. 
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Vapor  preitures  and  boiling  poinU  of  the  liqwd  paraffin  h^drooarbom. 


YmpafpnmanA 

HydnoBfboiL 

0-a 

10- C. 

20- C. 

ao*a 

BoiHnc 
point 
(•  C.). 

188.8 
46.5 

1L5 
2.9 

2BL8 
75.0 

aa5 

5.6 

42a2 

12QL2 

35.5 

ia5 

eia9 

185.4 
5&4 

18.4 

S7.0 

Normal  ^ffXBiM , . 

eoio 

Normal  httptane. .   , . 

9&,4 

Normal  odaan 

126u5 

a  MUUinetflrB  of  mflreory. 

From  the  table  it  may  be  inferred  that  the  chief  liquid  constituents 
of  gasoline  made  from  natural  gas  are  the  pentanes  and  the  hezanes 
as  their  vapor  pressures  at  any  temperature  are  far  greater  than 
those  of  the  other  Uquid  hydrocarbons. 

BFnSOT  OF  PBB8817SB   AND  TBHPBRATITBB  ON  OASBS  IN  THE 

STRATA. 

Natural  gases  in  the  oil  fields  of  the  United  States  are  principally 
mixtures  of  methane,  ethane,  propane,  and  butane.  Methane  is 
always  present  in  a  well  in  the  gaseous  condition.  Ethane  becomes 
a  hquid  at  a  temperature  of  35^  C.  imder  a  pressure  of  664  pounds  to 
the  square  inch.  Hence  if  a  natural  gas  consisted  of  ethane  only  and 
was  subjected  to  a  pressure  in  the  earth  greater  than  664  poimds,  it 
would  be  in  the  Hquid  condition. 

The  authors  have  no  evidence  that  ethane  occurs  in  anywhere  near 
the  pure  condition  in  the  earth.  As  the  proportion  of  ethane  in  a 
mixture  decreases,  there  is  required  a  proportionally  greater  pressure 
than  664  poimds  to  Uquefy  it.  If  a  sample  contained  50  per  cent 
ethane  and  50  per  cent  methane,  there  would  be  required  a  pressure 
of  at  least  twice  664  poimds,  or  1,328  poimds,  to  Uquefy  the  ethane 
at  35®  C,  and  to  Uquefy  the  methane  a  pressure  of  at  least  twice  735 
pounds,  or  1,470  pounds,  at  —95.5®  C.  Moreover,  a  temperature  of 
—  95.5®  C.  is  far  bel6w  that  prevailing  in  oil  and  gas  sands.  A 
pressure  of  1,328  pounds  per  square  inch  is  probably  unknown  in  the 
gas  fields,  but  pressures  as  high  as  800  to  1,000  pounds  have  been 
measured.  Propane  and  butane  are  each  more  easily  Uquefied  than 
ethane. 

The  critical  temperature  of  propane  is  97®  C,  and  its  critical 
pressure  is  647  pounds  per  square  inch.  According  to  analyses  made 
by  the  authors  the  amount  of  propane  in  most  natural  gases  is  less 
than  that  of  ethane,  so  pressures  sufficient  for  its  Uquefaction  do  not 
exist  in  the  sands  penetrated  by  wells. 

The  natural  gas  of  Pittsburgh^  according  to  Uquefaction  experi- 
ments made  by  the  authors,  contains  about  84.7  per  cent  methane, 
9.4  per  cent  ethane,  3.0  per  cent  propane,  1 .3  per  cent  butane^  (chiefly). 
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aad  1 .6  per  cent  nitrogen.  To  liquefy  the  methane  in  this  mixture  at  a 
temperature  of  —  95.5**  C.  would  require  a  pressure  of  at  least  (  oT^  ) 
735,  or  868  pounds.  To  liquefy  the  ethane  at  35^  C.  there  would  be 
required  a  pressure  of  (q-t  )  664,  or  7,064  poimds,  and  to  hquefy  the 

propane  at  22°  C.  there  would  be  required  a  pressure  of  (  ^n  )  132.3, 

or  4,410  pounds.  It  will  be  noted  that  the  critical  temperature  of 
methane  is  so  low  that  under  no  condition  could  one  conceive  of  its 
being  liquefied  in  the  earth.  The  critical  temperature  of  ethane  is 
a  temperature  that  prevails  in  some  rock  strata,  but  the  amount  of 
ethane  present  in  natural  gas  is  invariably  so  small  that  pressures 
much  higher  than  those  found  in  rock  strata  would  be  required  to 
liquefy  the  ethane. 

As  the  temperature  of  a  gas  is  lowered  from  its  critical  tempera- 
ture, less  pressure  is  required  to  Uquefy  it  imtil  finally  at  a  certain 
temperature  it  becomes  liquid  at  ordinary  pressures.  Propane  has 
a  critical  temperature  of  97°  C.  This  temperature  is  higher  than  that 
ordinarily  found  in  the  sands  of  oil  or  gas  fields,  where  a  thermal 
gradient  of  1°  C.  for  each  60  or  70  feet  of  depth  may  be  assimied. 
The  temperature  has  to  be  —  46°  C.  at  ordinary  pressures,  however, 
for  liquefaction  to  occur.  Such  a  temperatiu*e  is  much  lower  than 
rock-strata  temperatures.  At  22°  C.  there  is  required  a  pressxire  of 
4,410  pounds. 

It  follows  that  temperatures  found  in  rock  strata  are  not  low 
enough,  that  rock  pressures  are  not  high  enough,  and  that  the  amount 
of  propane  in  natural  gases  is  too  small  to  allow  the  existence  of 
liquid  propane  in  the  sands  penetrated  by  wells. 

Butane  gas  becomes  liquid  at  1°  C.  at  a  pressure  of  1  atmosphere. 
Its  critical  constants  have  not  been  detemuned,  so  far  as  the  authors 
are  aware.  Its  liquefaction  point  at  ordinary  pressures  (15  pounds 
per  square  inch)  is  much  closer  to  normal  temperature  than  the 
liquefaction  points  of  the  three  parafBn  hydrocarbon  gases  already 
mentioned.  Hence,  if  it  constituted  the  whole  of  a  natural  gas, 
one  could  easily  conceive  that  it  would  occur  in  the  earth  in  the 
Uquid  condition.  But  in  many  natural-gas  mLxtiu*es  it  appears  to  be 
present  in  even  less  amount  than  the  other  three  gases.  In  Pitts- 
bui^  natural  gas  it  is  present  in  a  proportion  equal  to  about  1.3  per 
cent.  With  this  quantity  present,  it  would  require  a  pressiu*e  of 
1,077  pounds  per  square  inch  at  1°  C.  for  Uquef action.  At  the  higher 
temperatures  of  gas  sands  greater  pressures  would  be  required.  If 
present  to  the  extent  of  20  per  cent  there  would  be  required  a  pressure 
of  75  pounds  at  1°  C,  and  if  it  constituted  50  per  cent  of  a  gas  a 
pressure  of  30  pounds  would  be  required.    Oases  that  are  used  for 
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the  condensation  of  gasoline  usually  issue  from  the  earth  either  under 
reduced  pressure,  atmospheric  pressure,  or  just  above  atmospheric 
pressure.  In  exceptional  instances  the  pressure  may  be  50  or  even 
100  poxmds,  but  at  most  plants  the  gas  used  issues  from  the  wells 
under  reduced  pressure.  In  those  gases  that  are  used  for  gasoline 
condensation,  butane,  and  also  propane  and  ethane,  are  found  to  be 
present  in  greater  proportions  than  in  the  so-caUed  ''dry''  gases  that 
issue  imder  much  pressure  and  are  so  largely  used  for  heating  and 
lighting  towns.  The  authors  believe  that  butane  may  be  present  in 
the  ''wet"  gases  to  the  extent  of  10  per  cent.  Hence  one  can  con- 
ceive that  the  amount  of  butane  may  be  high  enough,  also  the  rock 
pressures  high  enough  and  the  earth  temperature  low  enough,  so  iiiAt 
in  some  sands  butane  may  be  present  in  the  liquid  condition.  But 
if  reduced  pressures  prevail  in  wells,  as  in  most  wells  used  for  gasoline 
condensation,  the  rock  pressures  are  usually  too  low,  even  if  the 
partial  pressure  of  the  butane  in  the  gas  mixture  is  high,  to  permit 
liquefaction  to  take  place. 

In  summarizing,  one  may  say  that  at  those  wells  from  which  gas 
is  drawn  for  gasoline  condensation,  the  three  gases,  methane,  ethane, 
and  propane,  invariably  occur  in  the  earth  in  the  gaseoiis  condition. 
Butane  probably  occurs  as  a  gas  in  some  places,  but  in  others  it 
is  present  as  a  liquid. 

The  question  has  been  raised  frequently  as  to  whether  natural  gases 
are  not  accumulated  as  Uquids  in  the  undeiground  reservoirs.  If 
such  were  the  case  it  would  be  possible  for  a  single,  comparatively 
small  subterranean  reservoir  to  yield  for  many  years  much  lai^er 
quantities  of  gas  than  such  reservoirs  do  yield. 

As  regards  Pittsburgh  natural  gas  and  other  similar  gases  that  issue 
under  considerable  pressure  from  strata,  none  of  the  gaseous  con- 
stituents present  is  liquid  in  the  earth.  However,  where  gases  are 
associated  with  petroleum  in  the  same  strata,  under  heavy  pressures, 
there  is  considerable  solution  of  the  gases  in  the  oil.  The  natural 
gas  used  in  Pittsburgh  is  not  associated  with  oil  in  the  earth. 

TESTING   NATURAL  GASES    FOR    GASOIiINE    CONTENT. 

Before  plants  are  erected  for  the  purpose  of  extracting  gasoline 
from  natural  gas  the  yield  and  quality  of  the  gas  should  be 
thoroughly  investigated.  Also  of  much  importance  is  the  marketing 
of  the  gasoline. 

OLASSIFIOATION  OF  KINDS  OF  NATUBAL  GAS. 

As  stated  before,  as  regards  the  making  of  gasoline,  natural  gas 
is  popularly  classified  in  two  divisions — "wet"  gas  and  "dry"  gas. 
This  classification  has  come  lai^ely  into  general  use  with  the  develop- 
ment of  the  gasoline  industry.  Between  the  two  classes  there  is  no 
sharp  line  of  demarcation.  —  . 
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"dBT"   natural  GAS. 


Some  natural  gas  contains  only  methane  as  the  combustible  con- 
stituent and  according  to  the  above  classification  may  be  considered 
the  driest  of  natural  gases.  This  kind  of  gas  is  rare  in  the  oil  fields, 
but  is  common  in  gas  fields,  or  in  marshy  districts  imassociated  with 
oil.  The  Hogshootcr  pool  of  Oklahoma,  according  to  tests  made  by 
the  bureau,  produces  a  natural  gas  that  contains  methane  as  the 
only  combustible  constituent. 

This  kind  of  gas  is  found  in  States  or  districts  in  which  oil  has 
never  been  foimd.  Incidentally  it  might  be  mentioned  that  the 
occurrence  of  such  gas  naturally  escaping  from  the  surface  of  the  earth 
affords  some  proof  of  the  nonexistence  of  oil.  However,  the  indication 
is  not  iaf  allible,  because  some  natural  gas  that  contains  only  methane 
as  the  combustible  constituent  is  found  in  the  oil  fields.  This  gas 
comes  from  sands  that  do  not  bear  oil. 

The  next  grade  in  the  transition  of  "dry"  to  ''wet"  gas  may  be 
considered  that  at  present  obtained  from  the  Appalachian  oil  fields 
and  used  in  Pittsburgh,  Pa.,  and  other  cities.  This  natural  gas 
issues  under  considerable  pressiu^e  from  wells  in  or  near  the  oil  fields. 
It  has  varied  tittle  in  composition  from  the  figures  given  on  page  24 
for  the  three  years  that  the  Bureau  of  Mines  has  been  testing  it. 
Air  has  never  been  detected  in  the  samples  tested.  Many  wells  are 
abandoned  yearly  by  the  company  that  fiffnishes  the  city  the  supply, 
and  new  wells  are  drawn  upon,  the  wells  being  abandoned  when  the 
rock  pressure  becomes  so  low  as  to  be  insufficient  to  assist  in  forcing 
the  gas  to  Pittsburgh  and  other  points  of  consumption,  or  when  the 
jrield  becomes  too  small  even  with  the  gas  pumps  that  are  used.  In 
composition  this  gas  is  typical  of  the  natural  gas  supptied  to  many 
cities.  All  of  the  ingredients  present  are  gases  at  ordinary  tem- 
peratures. Traces  of  butane  and  even  of  higher  paraffin  hydro- 
carbons are  present — enough  because  of  the  many  thousands  of  cubic 
feet  of  gas  transported  daily,  especially  in  the  winter  time,  to  cause 
some  condensation  of  vapors  or  drip,  in  the  pipe  lines.  This  gas  has 
been  said  to  pass  at  the  rate  of  a  mile  a  minute  through  mains  con- 
necting the  wells  to  Pittsburgh.  The  drip  is  not  sufficient  to  indicate 
that  the  gas  is  of  value  for  gasotine  extraction. 

*'WEt"   NATUBAL  GAS. 

As  to  the  so-called  ''wet"  gas,  or  that  from  which  gasoline  can  be 
extracted  in  quantity  sufficient  to  warrant  the  installation  of  a  plant, 
the  proper  testing  of  such  gas  in  order  to  determine  its  gasoline 
content  is  of  much  importance.  In  the  early  days  of  the  gasoline 
indusby  some  failures  of  plants  'to  fulfill  expectations  were  due  to 
inadequate  testing  of  the  gas  before  the  construction  of  the  plant  had 
begun. 
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MBTHODS  AND  EQTTIFMBNT  X7SED  IN  TESTS. 

At  present,  tests  have  become  better  standardized,  and  there  is 
scarcely  any  excuse  for  the  failure  of  a  plant  because  of  inadequate 
preliminary  tests.  By  itself,  the  ordinary  eudiometric  analysis  is  of 
little  value  for  determining  the  gasoline  content  of  natural  gas. 
Moreover^  it  is  extremely  difficult  to  make,  and  the  authors  are  safe 
in  saying  that  a  gas  analyst  must  have  had  experience  in  refined 
analytical  methods  before  he  can  make  a  satisfactory  analysis  of 
natural  gas,  especially  of  ''wet"  gas.  In  addition,  the  ordinary  gas- 
analysis  determination  informs  one  only  of  the  two  predominating 
paraffins  present  but  gives  slight  knowledge  of  the  quantity  of 
gasoline  vapors.  Early  in  the  history  of  the  industry,  gas  analysts 
turned  their  attention  to  other  more  easily  conducted  and  more 
definite  tests.  Those  laboratory  methods  adopted  and  at  present  in 
chief  use  have  to  do  with  solubihty  and  specific-gravity  tests. 

SOLUBILrrY  TESTS. 

Natural  gases  are  soluble  in  various  solvents,  such  as  alcohol,  claro- 
line  oil,  oUve  oil,  kerosene,  sperm  oil,  and  rape-seed  oil,  in  proportions 
depending  upon  the  amoimt  of  higher  paraffiin  hydrocarbons  present 
in  tiiie  gas  mixture.  All  of  the  solvents  mentioned  have  been  used. 
F.  P.  Peterson,  of  Tulsa,  Okla.,  informed  the  authors  that  he  found 
it  expedient  to  use  claroline  oil. 

USE   OF  CLAROLINB    OIL. 

The  Bureau  of  Mines  methods  of  testing  are  described  in  Bulletin  42  ^ 
of  the  bureau.  In  using  claroline  oil  the  following  procedure  is 
adopted:  35  c.  c.  of  the  oil  is  placed  over  merciuy  in  an  ordinary 
Hempel  gas  pipette,  and  100  c.  c.  of  the  natural  gas  to  be  tested  is 
shaken  with  the  oil*  until  no  further  absorption  of  the  gas  mixture 
occurs.  It  was  found  that  many  natural  gases  from  which  gasoline 
is  at  present  commercially  obtained  were  soluble  in  the  oil  to  the 
extent  of  30  to  86  per  cent  of  their  volume. 

In  figure  1  is  shown  a  gas-analysis  apparatus  for  determining  the 
solubility  of  natural  gas  in  claroline  oil  or  alcohol.  It  consists  of  a 
measuring  burette,  e,  having  a  capacity  of  100  c.  c,  and  an  absoiption 
pipette,  c.  It  is  provided  at  the  top  with  a  three-way  T  stopcock,  d, 
so  that  communication  can  be  made  between  the  burette  and  outside 
air,  or  between  the  burette  and  the  pipette.  Water  is  used  in  the 
burette  and  mercury  in  the  pipette.  To  begin  an  analysis,  36  c.  c.  of 
claroline  oil  or  50  c.  c.  of  alcohol  is  placed  in  the  pipette  c  over  the 

a  Burrell,  O.  A.,  The  sampling  and  examination  of  mine  gases  and  natmal  gas,  IQIS,  116  pp.,  2  pis., 
23  figs. 
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mercury.  A  100-c.  c.  part  of  the  gas  sample  is  then  drawn  into  the 
burette,  measured,  and  forced  into  the  pipette  c.  The  pipette  c  is 
shaken  for  about  three  minutes  to  thoroughly  mix  the  oil  or  alcohol 
and  gas.  The  gas  is  then  transferred  to  the  burette  and  measured, 
and  the  loss  in  volume  is  noted.  .The  gas  is  again  passed  into  the 
pipette   and  the  shaking  operation  repeated.     Finally  the  gas  is 


Figure  1.— Apparatus  for  deterxnining  the  gasoline  content  of  natural  gas. 

measured  again  in  the  burette.  The  first  and  second  readings  should 
agree  within  0.50  per  cent.  If  they  do  not,  the  operation  should  be 
repeated  until  the  burette  readings  become  constant. 

Below  Are  given  tables  showing  the  solubility  of  natural  gas  and  of 
methane  and  ethane  in  different  oils.  A  35-c.  c.  sample  of  the  oil  was 
sliaken  with  100  c.  c.  of  the  gas  imtil  absorption  of  gas  by  the  oil 

ceased. 
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Solubility  in  d^erent  oils  of  the  ruUural  gas  used  at  Pittsburgh. 


Kind  of  oil  used  as  solymt. 


daroliae 

Russian  white  (keroaoio). 


Sperm. 
Olive.. 


Rai 
Co 


raeseed.. 
uoDseed 


Character  of  oIL 


Mineral... 

do 

Animal... 
Vegetable. 

do 

do 


Sofaifaflitj 
of  sas. 


Pereenl. 


15.5 
16.4 
16.5 
13.7 
14.7 
14.8 


It  was  possible  to  check  the  above  determinations  within  0.50  per 
cent.  Considerable  uniformity  as  regards  the  solubility  of  the  natural 
gas  in  the  different  oils  will  be  noticed.  The  claroline  oil  used  had  the 
following  characteristics,  as  determined  by  I.  C.  Allen,  chemist  of  the 
bureau: 

Characteristics  of  claroline  oil. 

Specific  gravity 0. 8667  at  15**  C. 

Viflcoflity 4. 4**  Engler  at  20*»  C. 

Flash  point 152^  C,  Penaky-Martenfl  closed  test. 

Ignition  point «...  270^  C,  Pensky-Martens  closed  test. 

Solubility  of  pure  methane  in  claroline  and  cottonseed  oils. 


oil. 

Character  of  oiL 

Solnbility 

flaroilnA 

Mineral 

Percent. 
11.0 

Cottonseed 

Vegetable 

9.5 

The  solubility  of  pure  ethane  in  claroline  oil,  as  determined  by 
the  authors,  was  68.5  per  cent. 


USE  OF  ALCOHOL  AS  A  SOLVENT. 


The  Bureau  of  Mines  has  used  ethyl  alcohol  in  much  the  same  man- 
ner that  claroline  oil  is  used  for  testing  natural  gas.  Instead  of 
35  c.  c.  of  the  claroline  oil,  50  c.  c.  of  ethyl  alcohol  may  be  used.  The 
procedure  otherwise  is  exactly  the  same.  The  results  obtained  vnth 
alcohol  are  similar  to  those  with  claroline  oil. 


OBSAT  APPARATUS  FOR  DETERMINATION   OF  CARBON  DIOXIDE  AND  OXTOBN. 

In  figure  2  is  shown  an  Orsat  apparatus  for  the  determination  of 
carbon  dioxide  and  oxygen  in  natural  gas.  The  Orsat  apparatus  is 
so  well  known  that  it  needs  Uttle  description.  It  is  sufficient  to  say 
that  the  biurette  has  a  capacity  of  100  c.  c.  The  pipette  b  contains 
caustic  potash  solution  for  the  removal  of  carbon  (Uoxide,  and  the 
pipette  a  contains  alkaline  pyrogallate  solution  for  the  removal  of 
oxygen.  The  figure  (fig.  2)  shows  the  level  bottle  of  the  burette, 
the  water  jacket,  and  a  three-way  stopcock,  c.    This  apparatus  may 
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be  used  to  advantage  for 
examining  natural  gases 
to  determine  whether  air 
has  leaked  into  mains, 
owing  to  the  reduced 
pressures  that  are  main- 
tained in  pipe  lines  at 
some  gasoline  plants. 

SPECIFIC- GRAVITY  TESTS. 

Natural  gas  may  vary 
in  specific  gravity  from 
about  0.56  (air=  1)  to  as 
much  as  1 .65,  or  from  a 
gas  containing  methane 
only  as  the  paraffin  hy- 
drocarbon in  proportions 
approaching  99  per  cent 
or  more  of  the  total  to  an 
extremely  "  wet "  gas, 
from  wUch  gasoline  in 
quantities  up  to  4  or  5 
gallons  per  1,000  cubic 
feet  can  be  obtained. 
Specific-gravity  tests 
may  be  made  either  by 
weighing  the  gas  in  a 
small  glass  vessel  or  by 
means  of  Bunsen's  effu- 
sionmethod.  The  weigh- 
ing method  is  the  more 
accurate.  The  following 
procedure  is  adopted  by 
the  Bureau  of  Mines : 

A  100-c.  c.  glass  globe, 
equipped  with  a  stop- 
cock, is  exhausted  of  its 
contained  air,  thoroughly 
dried,  and  weighed.  Nat- 
uralgasisthenintroduced 
and  a  second  weighing 
made.  This  weight  as 
compared  to  that  of  an 
equal  voliune  of  air  at 
the  same  temperature 
gives  the  specific  gravity. 


FiQUSB  2.— Orsat  apparatus  for  determining  carbon  dioxide 

and  oxygen  in  natural  gas. 
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■FFUBION  MSTHOD. 


In  using  the  Bunsen  effusion  method,  specific  gravities  are  deter- 
mined by  noting  the  rate  at  which  a  certain  volume  of  the  gas  passes 

through  a  small  orifice.  The  rate  at  which 
a  like  volume  of  air  passes  through  the 
orifice  is  also  determined.  The  specific 
gravities  of  the  natural  gas  and  air  are  then 
in  inverse  ratio  to  the  squares  of  the  rates 
of  effusion. 

Some  natural  gas  contains  a  lai^  per- 
centage of  carbon  dioxide.  This  is  a  hea\y 
gas,  having  a  specific  gravity  of  1.53 
(air«  1).  If  it  happened  to  be  present  in 
a  natural  gas  mixture  and  a  test  were  not 
made  for  it,  an  experimenter  might  be  mis- 
led into  believing  that  the  gas  was  heavy, 
because  of  paraffin  hydrocarbons  present. 

Many  samples  of  natural  gas  contain 
large  percentages  of  nitrogen.  In  an  ex- 
treme instance  the  bureau  found  that  a 
natural  gas  issuing  from  the  earth  in  the 
State  of  Washington  contained  98.5  per 
cent  of  nitrogen.  Proportions  of  nitrogen 
as  high  as  10  per  cent  in  natural  gas  are  not 
imcommon.  The  specific  gravity  of  nitro- 
gen is  0.97.  If  much  nitrogen  were  pres- 
ent an  investigator  might  be  misled  by  the 
specific-gravity  test  in  that  the  test  would 
not  show  the  specific  gravity  of  the  par- 
affin hydrocarbons  but  the  specific  gravity 
of  the  entire  mixtiure,  which  depends  in 
part  upon  the  content  of  nitrogen  or  car- 
bon dioxide,  or  both. 

CONSTRUCTION  AND  USB  Of  SCHnJIINQ  T7PB  OF 

APPARATUS. 

The  authors  have  used  the  particular  type 
of  apparatus  known  as  the  Schilling  (fig.  3) 
for  the  specific^avity  determination.    It 
consists  of  a  glass  jar,  h,  with  a  metal  top 
FiQtTBE  3.— Apparatus  for  determin-  into  which  fits  a  brass  colimm  having  sus- 
ing  specific  gravity  of  gas.         pendcd  from  its  base  a  long  graduated  tube^ 

a,  and  at  its  top  a  cock,  c,  and  a  groimd-joint  socket,  d,  into  which  sets 
a  socket  holding  a  small  glass  tip,  e,  closed  at  the  top  with  a  thin  piece 
of  platinum,/.  In  this  platinum  is  a  minute  hole  to  permit  the  pas- 
sage of  gas  or  air  at  a  very  slow  rate.    AH  metal  parts  are  nickeled. 
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The  mode  of  operation  is  as  follows:  The  glass  jar  is  filled  with 
water  to  the  top  graduation  of  the  tube  or  to  a  point  a  little  above  it. 
The  tube  is  then  withdrawn  so  that  it  may  be  filled  with  air.  The  cock 
on  the  standard  is  then  closed  and  the  tube  replaced  in  the  jar.  The 
cock  is  then  opened  and  with  a  stop  watch  the  time  is  taken  that 
elapses  while  the  water  passes  from  the  lowest  graduation  to  the 
graduation  above.  The  tube  is  then  withdrawn  and  filled  with  gas 
and  the  procedure  repeated. 
The  specific  gravity,  air 
being  1,  is  obtained  by 
dividing  the  gas  time 
squared  by  the  air  time 
squared.  Thus,  if  A  repre- 
sents the  time  gas  requires 
to  pass  through  the  orifice, 
and  B  represents  the  time 
air  requires  to  pass  through 
the  orifice,  the  specific 
gravity  of  the  gas  will  be 

represented  l>y  (  "d  ) . 

X78B  OF  THE  PITOT  TUBE 
FOB  MEASTJBINO  THE 
OPEN  FLOW  OF  OAS 
WEIXS. 

The  quantity  of  natural 
gas  that  is  discharged  from 
a  well  is  usually  measured 
by  means  of  a  Pitot  tube. 
(Fig.  4.)  This  instrument 
directly  measures  the  veloc- 
ity of  the  gas  flow.  In  its 
most  accurate  form  it  con- 
sists essentially  of  two  parts, 
first  a  tube  pointing  up- 
stream for  measuring  the 
dynamic  pressure  and  sec- 
ond a  means  of  determining  the  static  pressure.  Two  pressures  are 
thus  obtained.  Their  difference  as  read  on  a  U  gage  gives  the  velocity 
or  impact  pressure  of  the  flowing  gas. 

As  ordinarily  used  for  field  work  the  static  pressure  of  the  gas  flow 
is  not  obtained,  the  instrument  consisting  simply  of  a  small  tube, 
which  is  inserted  in  the  flowing  gas  (a,  fig.  4),  just  inside  the  pipe  or 
tubing,  a  distance  of  one-fourth  to  one-third  of  the  pipe's  diameter 


— 8  — 


—  4  — 


FiauBE  4.— U  tube  for  measuring  flow  of  gas. 
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from  the  outer  edge.  The  plane  of  the  opening  in  the  tube  is  held  at 
right  angles  to  the  flowing  gas.  At  a  convenient  distance,  varying 
from  1  to  2  feet;  a  U-shaped  gage  (fig.  4)  is  attached  to  the  other  end, 
which  is  usuallj  half  fiUed  with  water.  If  the  gas  pressure  is  high 
enough  to  force  the  water  out  of  the  tube,  mercury  is  used,  and  for 
pressures  that  are  so  great  that  mercury  can  not  be  used,  a  spring 
gage  is  attached.  A  scale  graduated  from  the  center  in  tenths  of  1 
inch  is  placed  between  the  two  limbs  of  the  U  gage.  The  distance 
above  and  below  this  center  line  at  which  the  liquid  stands  in  the  gage 
should  be  added,  the  object  being  to  determine  the  exact  distance 
between  the  high  and  the  low  side  of  the  fluid  in  inches  and  tenths. 

The  top  joint  of  tubing  or  casing  should  be  free  from  fittings  for  a 
distance  of  10  feet  below  the  mouth  of  the  well  where  the  test  is  made. 
The  test  should  not  be  made  in  a  collar  or  gate  or  at  the  mouth  of 
any  fitting.  The  well  should  be  blown  off  at  least  three  hours  prior  to 
making  the  test,  and  in  some  cases  as  much  as  24  hours  should 
be  allowed.  After  the  velocity  pressure  of  the  gas  flowing  from 
the  well  tubing  has  been  determined  in  inches  of  water,  inches  of 
mercury,  or  pounds  per  square  inch  as  outlined  above,  the  corre- 
sponding .rate  of  flow  may  be  ascertained  from  Table  3,  a  table  pre- 
pared by  F.  H.  Oliphant  ^  and  presented  below.  The  quantities  of 
gas  stated  in  the  table  are  based  on  a  pressure  of  14.65  pounds  per 
square  inch  absolute,  and  a  flowing  temperature  of  60^  F.,  for  a  gas 
having  a  specific  gravity  of  0.60  (air=  1).  If  the  specific  gravity  of 
the  gas  is  other  than  0.6  the  flow  should  be  multiplied  by 


A^ 


0.6 


specific  gravity  of  gas. 

For  flowing  temperatxires  above  and  below  60°  F.,  1  per  cent  should 
be  deducted  or  added  for  each  10  degrees. 

a  Sm  Wflsoott,  H.  P.,  Handbook  of  natural  gas,  1913,  pp.  105-106. 
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Table  3.— Ta6Ie  to  bt  luti  m  laling  gat  vitiU  vrilh  Piiot  tube. 
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Mttkiplio'sfor  pipe  diameiers  other  than  given  in  Table  S. 
(Apply  tttb  moltlpliar  to  the  flgarw  given  in  Table  3  for  l-indi  tubing.] 


Diameter 
of  pipe. 

Moltiplicr. 

Diameter 
of  pipe. 

MnltipUer. 

Diameter 
of  pipe. 

MnltipUer. 

/nekct. 

Ij 
2 
4 
4 
5 

2.25 
6.25 

18 

21.89 

25 

Ineket. 

9 

81.64 

36 

89 

43.9 

64 

/nekct. 

10 
12 

68 

81 

100 
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PITOT  TUBS  WITH  ATTACHICENT  FOB 

PBBS8U&ES. 


MEASUBINa  STATIC 


For  the  most  accurate  measurements  by  means  of  the  Pitot  tube 
a  device -is  attached  for  recording  static  pressures  (fig.  5).     Accord- 


FiouRx  5.~Pitot  tube  with  attachment  for  measoring  static  preaooree. 

ing  to  Rowse  ^  the  piezometer  or  its  equivalent  is  the  most  reliable 
means  of  obtaining  the  static  pressure.  This  device  embraces  a 
pipe  with  a  few  very  small  circular  holes  in  it,  so  combined  with  a 
larger  pipe  as  to  leave  an  annular  space  between  them  (fig.  5).  This 
annular  space  is  closed  at  the  outer  end,  the  other  being  connected 
to  one  end  of  the  gage  glass  by  means  of  a  rubber  tube.  The  other 
end  of  the  gage  glass  is  so  connected  to  the  Pitot  tube  as  to  give  the 
dynamic  pressure.  The  difference  between  the  two  pressures  (the 
velocity  head)  is  read  on  the  gage  glass. 

a  RowB^y  W.  C,  Pitot  tabes  for  gas  measurement:  Joor.  Am.  Boo.  Mech.  Eng.,  yol.  39,  September,  1913, 
p.  1341. 
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FORMULA   FOB   ACCURATE  DETERMINATIONS. 

The  following  data  are  given  here  ia  order  to  show  the  derivation 
of  a  formula  for  use  in  more  accurately  determining  the  flow  of  gas 
through  a  pipe  than  hy  means  of  the  table  given  on  page  38. 

According  to  the  well-known  formula, 

.     144WH 

h — X— 

where  A^velocity  head  in  feet  of  gas. 

W=W6ight  of  water  ia  pounds  per  cubic  indi. 
H^velocity  head  in  inches  of  water. 
Xaweight  of  a  cubic  foot  of  gas. 

Then  when  h  is  known  the  velocity  of  gas  (in  feet  per  second)  is 
given  by  the  formula; 

Multiplying  through  by  A, 

AF=AV2pK        (2) 

Then 

Q«60AX8.01^       (t) 

where 

A=svelocity  head  in  feet  of  gas. 

j^=:aoceleiation  of  gravity— 32.16  feet  per  second. 

A=cn)eB-0ectu>nal  area,  in  square  feet,  of  the  pipe  from  which  the  gas  is  flowing. 

Q=quantity  of  gas  in  cubic  feet  per  minute. 


Substituting  in  S  the  value  of  A^  we  have: 

V144  Wh 
.60AX8.019X12-W^ 


Q=60AX8.019X 


As 

Xsspecific  gravity  of  gas  times  the  weight  of  1  cubic  foot  of  air, 
therefore 

O^60XAX8  019X12   / "■"• 

^  V  weigjit  of  1  cubic  foot  of  airXspecific  gravity  of  gas 

=»  (^77?  ^)A.,/     .  .  ^?  . 

Y  weight  of  1  cubic  foot  of  airXspecific  gravity  of  gas. 

The  latter  equation  is  rather  similar  to  that  used  by  Rowse.<^  It 
requires  the  determination  of  the  following  values:  The  specific 
gravity  of  the  gas  at  a  certain  temperature  and  pressure;  the  weight 
of  a  cubic  foot  of  air  under  the  same  conditions;  the  weight  of  water 
in  pounds  per  cubic  foot  at  the  same  temperature;  the  determina- 
tion of  the  differences  in  inches  of  the  water  levels  in  the  gage  glass, 
and  the  cross-sectional  area,  in  square  feet,  of  the  pipe  from  which  the 
gas  is  flowing. 

a  BowM,  W.  C,  op.  cit.,  p.  1372L 
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In  figure  6  are  shown  the  weights  of  1  cubic  foot  of  air  at  various 
temperatures,  with  a  constant  pressure  of  30  inches  of  mercury.^ 

In  figure  7  are  shown  the  weights  of  water,  in  pounds  per  cubic  inch, 
at  different  temperatures.^ 

Below  are  tabulated  the  cross-sectional  areas  of  pipes  of  various 
diameters: 

Oott-«0cttonai  areoM  ofpipet  ofdifertnt  diameien. 

Dkinetieriii  Square 

inelies.  feet. 

^ a  0668 

4 0872 

4i 1104 

5 1363 

6 1963 


Dtametarin  Square 

incheB.  feet. 

1 0.006 

IJ 0123 

2 0211 

2i 0341 

3 0491 


KXAMFLB8  SHOWING  AOCUBACT  OF  FORMUIA. 

The  authors  have  worked  out  the  following  examples  in  order  to 
show  the  variation  in  the  results  from  using  the  more  accurate 
formula  given  on  page  41,  as  compared  with  the  results  obtained  by 
using  the  table  given  on  page  39. 

EXAMPLS  1. 

Suppoee  the  atmospheric  preesuie  to  be  14.65  pounds  per  square  inch,  the  tempeza^ 

ture  60^  F.,  the  water-gage  reading  2  inches,  the  diameter  of  the  pipe  6  inches,  and 

the  specific  gravity  of  the  gas  0.60. 

From  the  formula 

^^g 

wei^t  of  1  cubic  foot  of  airXspecific  gravity  of  gas. 

From  figure  7  the  weight  of  water  (W)  in  pounds  per  cubic  inch  at  60^  F.  is  found, 
and  from  figure  6  the  wei^t  of  1  cubic  foot  of  air  at  60^  F.  and  14.65  pounds  per  square 
inch  is  determined. 

From  the  table  above  the  area  (A)  in  cubic  feet  for  a  6-inch  pipe  is  found.  H, 
the  inches  of  water,  is  read  from  the  gage. 

Substitution  of  these  values  gives: 

Q=5773.68X0.1963-J~ 


.03606X2 


.0761X0.6 

«=  1428.17  cubic  feet  per  minute. 

or  2,056,564  cubic  feet  of  gas  in  24  hours. 

Using  the  same  data  but  referring  them  to  the  approximate  values  given  in  the  table 
on  page  39,  one  finds  the  quantity  of  gas  to  be  2,103,185  cubic  feet  in  24  hours.  The 
difference  is  46,621  cubic  feet,  or  2.3  per  cent  of  the  first  value. 

Example  2. 

Suppose  a  water-gage  reading  of  0.3  inch  on  a  6-inch  pipe  at  60^  F.  and  14.65  pounds 
per  square  inch,  the  specific  gravity  of  the  gas  being  0.6.  Proceeding  as  in  the  first 
example,  according  to  the  formula:  _^_____>__ 

Q-(6773.68)X1963.^^;g^ 

Q«555.4  cubic  feet  of  gas  per  minute. 

ts799,800  cubic  feet  per  24  hours. 

By  referring  the  given  data  to  the  table  on  page  39  one  obtains  a  result  of  740,448 
cubic  feet.    The  difference  is  59,352  cubic  feet,  or  7.4  per  cent  of  the  first  value. 

•  BowM,  W.  C,  op.  dt.,  p.  1379.  b  Bowse,  W.  C,  op.  ott,  p.  1380. 
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OOBRBCTnON  FOB  PBSB8UBE  TO  BE  ADDED  TO  WEIGHT  OF  AIB 

AT  KO  POUNDS  PER  SQUARE  INCH 
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EZAMFLB  3. 

Suppoee  a  water-gage  reading  of  0.3  incli  on  a  1-inch  pipe  at  60°  F.  and  14.65  pounds 
per  square  inch,  the  specific  gravity  of  the  gas  being  0.60. 

From  the  table  on  page  39  the  cubic  feet  of  gas  per  24  hours  is  found  to  be  20,568.  If 
the  more  exact  formula  be  used,  the  quantity  of  natural  gas  per  24  hours  is  found  to  be 
21,824.    The  difference  is  1,256,  or  5.8  per  cent. 

These  three  examples  will  serve  to  show  the  errors  inyolyed  in  gas 
measurement  by  means  of  the  Pitot  tube  when  the  static  pressure  of 
the  gas  is  not  measured.   As  regards  the  measurement  of  a  gas  flow  on  a 

lease  for  the  purpose  of  determining 
the  quantity  available  for  gasoline 
making,  the  use  of  the  more  simple 
form  of  Pitot  tube  appears  to  be 
satisfactory. 

GENERAL  CX>lfMENTS  ON  USE  OF 
PITOT  TUBE. 

The  Pitot  tube  proves  most  satis- 
factory when  an  especially  designed 
instrument  is  permanently  installed. 
It  can  then  be  made  an  instrument 
of  considerable  precision.  The  use 
^___^___^____^____^___^  of  the  accurate  form  described  by 
I  I  the  autliors  is  not  advisable  for  field 

work,  unless   a  device  is  attached 
whereby  the  tube  can  be  rigidly  held 
in  place  when  the  readings  are  made. 
Rowse  **  sums  up  his  experiments 
by  saying  that  the  results  obtained 
FiauBx  7.~weight8  of  water  at  diiierent  tern-   in  measuring  gases  by  an  absolutely 
peratures,  pounds  per  cubic  inch.  corTcct  Pitot  tube  may  Vary  1  per 

cent,  more  or  less,  from  the  correct  results  when  the  static  pressure 
is  correctly  obtained  and  when  aU  readings  are  taken  with  a  reason- 
able degree  of  refinement. 

NECESSITY   OF   ALLOWING   A    WELL   TO   VENT   FREELY   BEFORE    PITOT- 

TUBE   READINGS   ARE   MADE. 

The  authors  know  of  a  gasoline  plant  that  failed  because  the  gas 
flow  from  a  well  was  not  accurately  measured  before  the  plant 
equipment  had  been  installed.  Many  wells  on  the  lease  had  been 
open  for  some  time  and  did  not  produce  enough  gas  to  warrant  the 
installation  of  a  plant.  One  well  that  had  been  closed,  on  measure- 
ment with  the  Pitot  tube,  registered  a  flow  of  gas  of  20.0,000  cubic 
feet  per  24  hours.     A  plant  was  installed  against  the  advice  of  the 


0.0888   a0881   a0880  a08B0  a0358 
WEXGHT  OF  WATER  US  P0UKD8 
PER  CUBIC  mCH 


Rowae,  W.  C.,  op.  oit.,  p.  1341, 
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company  that  sold  the  machinery  and  without  its  knowledge  of 
the  true  condition  of  affairs.  After  the  first  day's  operation  of  the 
plant  there  was  not  enough  gas  left  to  run  the  gas  engine,  and  finally 
the  flow  practically  stopped.  The  plant,  which  had  cost  $7,000, 
was  a  failure.  This  example  illustrates  the  necessity  of  allowing 
weOs  to  vent  their  gases  freely  before  measurements  are  made,  so 
that  the  operator  may  be  assured  that  the  quantity  measured  repre- 
sents the  quantity  that  will  be  available  for  operation  of  a  gasoline 
plant.  Some  wells  should  be  open  for  at  least  24  hotirs  before  their 
flow  is  measured. 

In  the  rush  to  install  gasoline  plants  in  the  early  days  of  the 
industry  operators  made  great  blunders.  The  autibiors  know  of 
one  plant  that  was  installed  to  work  upon  gas  that  had  not  been 
tested  as  to  quality.  The  gas  proved  to  be  'Mry"  and  the  plant  was 
a  failure.    The  authors  have  heard  of  other  similar  mistakes. 

INTEBPKETATION  OF  BEST7LTS  OF  TESTS. 

Considerable  experimenting  with  plant  operation  on  a  large  scale 
was  necessaiy  before  results  could  be  obtained  from  laboratory  tests 
that  could  be  used  as  a  guide  in  making  plant  installations.  The 
Bureau  of  Mines  and  different  testing  laboratories  have  at  present 
records  of  the  absorption  results,  specific  gravities,  and  analyses  of 
different  natural  gases  from  which  gasoline  is  commercially  produced. 
Reference  is  made  to  those  results  in  the  examination  of  new  samples. 

Many  experiments  have  shown  that  gasoline  may  be  obtained  from 
natural  gas  having  a  specific  gravity  of  0.80  and  higher  (air  =  l). 
Some  inconsistencies  have  been  noted,  however,  so  that  the  authors 
would  hesitate  to  recommend  the  installation  of  a  plant  to  handle  a  gas 
that  tests  showed  to  have  a  specific  gravity  as  low  as  0.80  or  to  have  an 
absorption  percentage  of  30.0  (Bureau  of  Mines  test),  although  the 
gas  might  be  all  right  for  the  purpose,  especially  if  it  were  from  wells 
in.  a  field  where  other  gases  of  low  specific  gravity  were  already  pro- 
ducing gasoline.  The  authors  do  believe,  however,  that  a  gas  with 
a  tested  specific  gravity  as  high  as  0.95  and  an  absorption  percentage 
as  high  as  40  might  warrant  an  installation. 

Natural  gases  differ  much  in  composition.  A  so-called  ^^wet"  gas 
mighty  for  instance,  contain  a  very  large  proportion  of  methane,  with 
little  ethane,  propane,  or  butane,  but  enough  of  the  gasoline  hydro- 
carbons to  warrant  a  plant  installation.  Such  a  gas  when  subjected 
to  comparatively  low  pressures  would  deposit  the  gasoline  vapors. 
Another  gas  of  the  same  specific  gravity  might  contain  a  compara- 
tively small  proportion  of  methane  and  ethane  and  a  large  proportion 
of  propane  and  butane,  but  not  enough  of  the  gasoline  hydrocarbons 
to  warrant  plant  installation.  Therein  lies  the  reason  why  specific- 
gravity,  solubility,  or  comb\istion  tests  can  not  always  be  relied  on. 

578W— ©ulj,  8S—16 i 
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As  regards  a  natural  gas  of  low  specific  gravity  and  low  absorption 
percentage  (known  as  a  ''lean"  gas),  the  safest  recourse  is  to  test  by 
means  of  a  portable  outfit  consisting  of  a  gas  meter,  small  gas  engine, 
compressor,  cooling  coils,  and  receiver.  Such  an  outfit  can  be  hauled 
from  place  to  place  on  a  wagon.  This  method  is  in  all  cases  to  be 
recommended  as  having  distinct  advantages  over  laboratory  tests. 
However,  it  is  true  that  tests  made  with  the  portable  outfit  may  be 
misleading  unless  in  charge  of  a  careful  and  experienced  person. 

The  authors  have  also  used  a  small  stationary  outfit  consbting  of 
a  meter  with  a  capacity  of  15,000  cubic  feet  per  24  hours,  a  small 
compressor,  driven  by  a  steam  engine,  100-foot  cooling  coils  made  of 
1-inch  pipe,  immersed  in  a  tank  of  water,  and  a  storage  tank  5  feet 
high  made  of  a  6-inch  piece  of  pipe.  To  the  latter  was  attached  a 
relief  valve  which  could  be  set  to  operate  at  the  desired  pressure.  A 
trap  was  installed  between  the  compressor  and  the  cooling  coils  t^o 
catch  oil  that  was  sometimes  brought  from  the  wells  with  the  gas. 
A  glass  gage  was  connected  to  the  storage  tank  to  indicate  the  volume 
of  condensate  produced. 

In  conducting  tests  of  a  gasoline  plant  the  plant  is  first  operated 
for  an  hour  or  two  to  insure  that  everything  is  working  well.  The 
meter  and  all  pressure  gages  must  be  in  good  order.  The  cooling  coils 
should  dip  enough  to  drain  readily  the  gasoline  into  the  storage  tank. 
The  efficiency  of  the  cooling  coils  can  be  ascertained  fairly  well  by 
measuring  the  temperature  at  different  places  in  the  water  of  the 
tank.  At  the  point  where  the  coil  enters  the  water  it  will  be  hot 
enough  to  warm  the  water  appreciably,  but  if  the  tank  is  lai^  and 
a  sufficient  length  of  pipe  for  cooling  purposes  is  installed  this  warm- 
ing of  water  is  only  local. 

There  foDows  a  form  used  by  the  authors  in  testing  wells  qp  a  given 
lease.     The  data  shown  represent  an  actual  ''plant"  test: 

Date,  March  7,  191S. 

Number  of  wells,  4. 

Temperatupe  of  gas  at  meter,  58''  F.  (14"*  C). 

Pressure  of  gas  at  meter,  Atmospheric. 

Pressure  in  accumulator  tank,  SOO  pounds  per  square  ineh. 

Temperature  of  water  in  cooler,  54°  F.  {It''  C.) 

Gas  used,  1^100  cubic  feet. 

Condensate  produced,  0.83  gallon  per  1,000  cubic  feet. 

Gravity  of  gasoline  produced,  55°  B. 

Evaporation  loss  of  condensate  on  exposure  to  air,  11  per  cent  in  S  hours. 

Gravity  of  gasoline  after  evaporation  loss,  St''  B. 

Table  4  following  shows  the  quantity  of  gas  issuing  from  16  weUs 
on  the  same  lease.  The  gas  all  comes  from  the  same  sand^  the  Berea 
grit,  in  West  Virginia.  The  wells  had  been  drilled  about  10  years 
and  the  oil  production  averages  about  25  or  30  barrels  a  day  from  52 
wells.    The  gas  from  all  of  the  wells  was  not  tested  by  the  authors. 
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Tablb4. — Rendu  of  laboratory  and  field  tesU  of  16  different  weHa  on  the  $ame  lease. 


NnmberofwelL 


1 
2 
3 
4 

5 
6 
7 
8 
9 


Flow. 


Cubkf«€t 
periAhomrt. 
25,000 
21,500 
20,000 
12,000 
55,500 
41,000 
46,000 
84,000 
9,000 


Bpeeiflc 

gravity 

of  gas 

(ali^l). 


a79 
.67 
.74 
.74 

.n 

.78 
.TO 
.71 
.78 


Claraliiie 
and  alco- 
hol ab- 
sorption. 


33 
23 
28 
28 
34 
32 
23 
21 
31 


Number  of  well. 


10... 

11... 
12... 
13... 
14... 
15... 
16... 


Speciflo 

now. 

gravity 
of  gas 

(aii^l). 

Cubk/eet 

pertSkourt. 

17,000 

a7fi 

to  20, 000 

76,000 

.73 

80,000 

.73 

27,000 

.76 

36,000 

.83 

23,000 

.84 

13,100 

.72 

ClaioUiie 
and  alco- 
hol ab- 
soiption. 


24 

27 
27 
27 
42 
39 
30 


A  gasoline  plant  capable  of  taking  care  of  100,000  cubic  feet  of  gas 
daily  was  in  operation  on  this  lease  and  was  connected  to  wells 
1,  6,  14,  and  15,  mentioned  in  the  above  table.  Some  gasoline  was 
produced,  but  the  successful  operation  of  the  plant  had  not  been 
assured  when  the  authors  visited  the  lease.  About  1,200,000  cubic 
feet  of  gas  was  available.  Certain  wells,  among  them  many  of  high 
capacity,  notably  Nos.  2,  3,  4,  5,  7,  8,  10,  11,  12,  and  16,  appeared 
to  be  too  dry  for  consideration  for  use  in  the  condensation  of  gasoline 
from  the  gas. 

BESXTI^TS  OF  ANALYBB8  OF  NATX7BAL  OASBS  OF  OKLAHOMA. 

Following  are  the  results  of  a  laboratory  analysis  of  a  natural  gas 
that  is  used  for  the  condensation  of  gasoline  from  natural  gas  at  a 
plant  in  the  Glenn  pool  district;  250,000  cubic  feet  of  gas  was  being 
used  from  eight  wells.  The  operators  claimed  that  they  obtained 
about  1^  gallons  of  gasoline  from  each  1,000  cubic  feet  of  gas  treated 
in  the  plant. 

m 

RetuUe  ofanalyeia  ofcoiing-headgaefrom  Oklahoma. 

[Laboratory  No.  3868.] 

COa 0.60 

0, O.20 

CH^ 60.10 

CjH« 36.70 

N, 3.40 

100.00 

The  oil  absorption  was  20.0  per  cent  and  the  specific  gravity 
(air=l)  was  0.75. 

The  analytical  results  are  interesting  as  showing  a  gas  from  which 
gasoline  is  condensed,  although  it  is  low  in  specific  gravity  and  oil 
absorption  as  compared  with  similar  values  of  other  samples  tabu- 
lated below. 

a  The  oxygen  is  nndoobtedly  due  to  a  sUglit  leakage  of  air  in  the  sample  oontafner. 
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The  following  table  shows  the  specific  gravity  and  the  oil  absorp- 
tion of  gases  obtained  from  the  casing  heads  of  different  wells  on  the 
same  lease  in  the  Glenn  pool  district  of  Oklahoma.  A  gasoline 
plant  had  not  been  installed  at  the  time  the  authors  collected  the 
samples^  but  one  was  contemplated.  The  results  show  the  variation 
in  gases  from  the  same  lease  and  are  in  marked  contrast  to  the  values 
for  the  gas  mentioned  above,  which  was  also  collected  in  the  Glenn 
pool  district  but  from  a  different  lease. 

Specific-gravity  and  ail-ab9orption  values  o/Olenn  pool  gas  samples. 


Laboratory  No. 

Specific 
gravity. 

OOalx- 
aorption. 

lAboratoiy  No. 

Specific 
gravity. 

Oaab- 
aozptitm. 

3787 

1.15 

Percent. 
55.0 
72.0 
37.0 

3790 

1.11 
1.31 
1.48 

Percent. 
.'16.0 

3788 

8785 

67.0 

3784 

1.13 

8786 

78.0 

COMPRESSION  AND  UEQUBFACTION  OP  THE  CONSTTrXJ- 
BNTS  OF  NATURAL  GAS  IN  PLANT  OPERATION. 

The  condensation  of  gasoline  from  natural  gas  is  essentially  a 
physical  process.  If  any  chemical  reactions  take  place,  they  are 
slight  and  inappreciable.  The  authors  tested  residual  gases  from  10 
different  plant  operations  to  determine  whether  carbon  monoxide  or 
olefin  hydrocarbons  were  produced.  These  gases  with  others  are 
found  when  the  higher  paraffins  are  decomposed  at  high  temperatures 
and  pressures  in  the  absence  of  air.  Neither  carbon  monoxide  nor 
olefin  hydrocarbons  were  found. 

THREE  COHHEROIAL  PBOGBSSBS. 

At  present  three  processes  for  the  extraction  of  gasoline  from 
natural  gas  are  used  commercially.  The  one  most  generally  used 
involves  compressing  the  gas  to  a  certain  pressure  and  subsequently 
cooling  it  by  means  of  water  or  air.  A  second  consists  in  simply 
cooling  the  gas  without  compression  by  means  of  a  refrigerant,  such 
as  liquid  ammonia,  evaporating  under  reduced  pressure.  A  third  is 
a  combination  of  the  other  two. 

RELATION  OF  PBESSXTBES  BXEBTED  BY  OAS  MlXTUIiBS. 

In  order  to  understand  changes  that  take  place  in  the  gas  mixture 
as  it  passes  through  the  compressors,  knowledge  of  pressures  exerted 
by  gas  mixtures  is  essential.  In  a  mixture  of  gases  exerting  a  certain 
total  pressure  each  individual  constituent  of  the  mixture  exerts  a 
part  of  the  pressure.  Atmospheric  pressure  at  sea  level  is  about  15 
pounds  per  square  inch,  of  which  about  3  pounds  is  due  to  the  oxygen 
and  about  12  pounds  to  the  nitrogen.    In  order  to  be  Uquefied,  a  gas 
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must  be  compressed  or  cooled  or  both.  If  it  is  to  be  liquefied  by  pres- 
sure alone,  the  pressure  applied  must  be  greater  than  the  vapor 
pressure  of  the  liquefied  gas  when  boiling. 

When  a  vapor  is  mixed  with  other  gases  or  vapors,  only  a  part  of 
the  total  pressure  is  exerted  on  the  vapor.  If  the  vapor  constitutes 
10  per  cent  of  the  mixture,  the  pressure  on  the  vapor  is  10  per  cent 
of  tiiie  total  pressure.  For  such  a  mixture,  it  being  assi:|med  that  the 
vapor  under  consideration  will  be  the  first  to  condense  out,  a  pres- 
sure of  150  pounds  wotdd  be  required  to  have  a  pressure  of  15  pounds 
on  the  vapor.  Under  a  pressure  of  15  pounds  the  vapor  would 
begin  to  condense  to  a  liquid  at  the  temperature  at  which  the 
Uquid  would  normally  boil.  Butane  boils  at  1°  C.  (34°  F.),  when  its 
vapor  exerts  a  pressure  of  15  potmds  per  square  inch.  Hence,  to 
condense  butane  vapor  to  liquid  at  1°  C.  (34°  F.),  there  would  be 
required  a  pressure  of  at  least  15  pounds  on  the  vapor.  If  the 
butane  constituted  20  per  cent  of  a  mixture,  there  would  be  needed 
a  total  pressure  of  75  pounds  in  order  to  have  a  1 5-poimd  pressure 
on  the  butane  vapor^  and  to  cause  condensation  to  begin.  As  con- 
densation took  place,  butane  vapor  woidd,  of  course,  be  removed 
from  the  mixture ;  that  is,  its  partial  pressure  would  diminish  and  a 
pressure  greater  tiian  75  potmds  would  have  to  be  applied,  to  cause 
the  condensation  to  proceed.  Hence,  if  one  knew  the  exact  quantity 
of  butane  vapor  in  a  particular  natural  gas,  a  pressure  greater  than 
that  theoretically  required  to  start  the  condensation  would  have 
to  be  applied  in  practice.  From  the  above  discussion  it  will  be  seen 
why  one  gas  may  produce  condensate  under  a  pressure  of  75  to  100 
pounds,  whereas  another  gas  may  need  a  pressm^e  of  200  to  300 
pounds  to  produce  the  same  quantity  of  condensate  of  the  same 
constituent. 

A  similar  calcidation  can  be  made  for  pentane  or  other  vapors  of 
the  liquid  paraffin  hydrocarbons.  The  vapor  pressures  of  three  of 
these  liquids  and  of  two  of  the  gaseous  paraffin  hydrocarbons  when 
liquefied  are  tabulated  here. 

Vd'poT  presnares  of  three  liquid  hydrocarbons  at  different  temper atures.<^ 


Tttnperatan. 

Vapor  pressure  of— 

Pentane. 

Hexane. 

Heptane. 

0 

Pounds  per 

square  inch. 

3.6 

5.4 

8.1 

n.8 

Pounds  per 
square  indi. 
0.9 
1.5 
2.4 
3.1 

Pounds  per 

square  inch. 

0.2 

10 

.4 

ao 

.7 

ao 

1,1 

« 

•  Laadolt  and  Btaistein,  PhyHtkallBnhKJhciniBche  Tabelien,  1906, 8d  ed.,  p.  137. 
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Vapor  preuures  of  two  ffoseous  parmfin  kydrooarbont  at  differetU  temperatures. 


Tfln^Nntim. 

V^por  pnsson  of— 

Etbana. 

PrapaiM. 

0 

Ptmndtper 
342.6 

Pammdaper 

12.6 

104.4 

16.0 

474.8 

22.0 

132.3 

34.6  a 

736.0 

68.0 

248.9 

ioa.o« 

713.0 

o  Critical  temperature. 

If  one  were  to  make  the  assiunption  that  the  vapor  of  pent&ne  only 
was  present  in  a  natural-gas  mixture  it  would  be  possible  to  ascertain 
the  pressure  necessary  to  condense  this  vapor  at  any  desired  temper- 
ature. 

For  example,  suppose  that  gas  available  for  gasoline  production 
contains  3  per  cent  of  pentane  vapor,  and  suppose  that  determination 
of  the  pressure  necessary  to  condense  this  vapor  at  20**  C.  (68®  F.)  is 
desired.  The  above  table  shows  that  pentane  has  a  vapor  pressure 
of  8.1  pounds  per  square  inch  at  20**  C.  (68**  F.) ;  therefore  the  pres- 
sure required  to  start  the  condensation  is  /TTvoj^^  270  pounds  per  square 

inch.     As  shown  on  page  25,  1  gallon  of  pentane  will  produce  when 

volatilized  about  31  cubic  feet  of  vapor  at  0**  F.  (32**  C.)  and  30 

inches  of  mercmy.     If  a  gas  yields  1  gallon  of  pentane  per  1,000 

31 
cubic  feet  of  gas,  then  there  must  be  jkf^  part,  or  about  3  per  cent  of 

vapor  in  the  mixture.  Consequently,  when  less  than  3  per  cent  of 
vapor  occiurs  the  pressure  would  have  to  be  raised  above  270  pounds 
to  condense  the  vapor.  If  a  pressure  above  270  pounds  per  square 
inch  and  subsequent  cooling  below  20°  C.  were  not  employed,  the 
vapor  would  not  condense. 

It  has  been  stated  that  methane  and  ethane  are  never  liquefied  in 
plant  operation.  But  propane  and  butane  may  be  liquefied  under 
certain  conditions.  At  22**  C.  (72**  F.),  to  liquefy  the  vapors  of  pure 
propane,  a  pressure  of  132.3  poimds  per  square  inch  is  required.  If 
50  per  cent  of  the  vapor  is  present,  a  pressure  of  twice  132.3,  or  2G4.6, 
poxmds  per  square  inch  is  required  at  a  temperature  of  22®  C.  (72®  F.).. 
As  far  as  the  authors  are  aware,  no  vapor-pressure  curves  for  butane 
have  been  determined. 

But  as  the  boiling  point  of  propane  ( — 45®  C;  — 49**  F.)  is  much 
lower  than  that  of  butane,  the  latter  will  be  liquefied  more  easily  than 
propane.  As  no  data  are  available,  no  figures  can  be  given.  That 
butane  is  a  constituent  of  some  natural-gas  condensates  is  shown  by 
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the  fact  that  nearly  all  condensates  obtained  under  high  pressure 
(200  to  300  pounds  per  square  inch)  boil  at  temperatures  near  0^  C. 
Of  course,  the  boiling  point  is  modified  by  the  presence  of  other 
constituents.  Pentane,  the  next  highest  homologue  to  butane^  boils 
at  36.4*^  C.  (OT.S^'F.). 

OASOLINE-PLiANT  METHODS  AND  EQUIPMEINT. 

T7SE  OF  C01CPKB880B8. 

Single  and  two  stage  compressors  are  generally  used  in  gasoline- 
plant  operations.  Single-stage  compressors  are  generally  used  where 
pressures  of  110  pounds  per  square  inch  are  not  exceeded,  although 
they  are  used  at  some  plants  where  pressures  up  to  150  pounds  per 
square  inch  are  employed.  At  higher  pressiu*es,  higher  temperatures 
are  produced.  One  of  the  makers  of  compressors  states  that  with  a 
100-pound  compressor  volumetric  efficiencies  of  65  per  cent  are 
obtained,  and  with  50-pound  compressors  efficiencies  of  80  to  85  per 
cent.     A 1 50-pound  compressor  gives  only  about  50  per  cent  efficiency. 

LOW-STAOB  OOXPKBS8ION. 

In  the  initial  stage  the  gas  is  subjected  to  pressures  varying  frdm 
20  to  50  pounds  per  square  inch.  Probably  35  pounds  per  square 
inch  is  an  average  value.  The  temperature  of  the  gas  may  rise  to 
450**  F.  (232®  C.)  in  the  low-compressor  cylinder,  but  no  liquefaction 
of  gas  or  condensation  of  vapor  will  occur.  As  stated  elsewhere, 
gases  can  not  be  liquefied  by  the  application  of  pressiu*e  alone  at 
temperatures  above  their  critical  temperature,  and  at  higher  tempera- 
tures they  would  have  a  greater  capacity  than  ever  for  the  vapors 
present,  so  that  no  condensation  of  the  vapors  would  occur. 

OOOLINO  OF  MIXTUBE. 

During  the  next  stage  of  operation,  the  mixture  passes  through  a 
water-cooled  2-inch  iron  pipe,  probably  100  feet  long  for  every  100 
cubic  feet  of  gas  passed  per  minute.*  The  cooling  is  effected  at  the 
same  pressure  as  maintained  in  the  low-stage  compressor. 

Usually  little  liquid  is  obtained  at  this  stage  of  the  operation,  but 
that  obtained  is  sometimes  collected  in  the  main  receiving  tank  of 
the  plant  or  in  separators  provided  for  the  purpose.  At  a  few  plants, 
however,  the  condensate  collected  is  considerable,  being  as  much  as  10 
per  cent  or  more  of  the  total,  but  this  yield  is  exceptional.  The 
quantity  of  condensate  obtained  must,  of  course,  principally  depend 
upon  the  extent  of  the  saturation  of  the  original  gas  mixture  with 
gasoline  vapors.    The  quantity  of  gasoline  vapors  in  the  gas  mixture  ^ 

•  One  Una  tbat  tnataUs  guollne  plants  allows  1  square  foot  of  rediatiiig  surtsoe  for  each  cubic  lOot  of 
ntaiBl  gas  passing  thitmghtbooofls,  an  allowazioe  stated  to  be  lai^y  In  excess  of  the  nee^  ThecooUng. 
oafliaiafrsqiiBntiy  equipped  wttb  a  by-pass,  so  that  only  part  of  thaoofl  need  be  used  in  oold  weather. 
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depends  upon  many  conditions,  such  as  the  quantity  of  gasoline 
peculiar  to  the  oil,  temperature  and  prdssure  conditions  in  the  well, 
intimateness  of  contact  between  the  oil  and  gas  in  the  well,  composi- 
tion of  the  gas,  and  the  treatment  the  gas  receives  in  the  plant. 

HiaH-STAOE  C01CPBE8SI0N. 

After  the  mixture  of  gas  and  vapor  has  left  the  first  cooler  it  is 
conducted  to  the  high-pressure  cylinder  of  the  compressor  and  sub- 
jected to  a  pressure  varying,  perhaps,  from  250  to  350  pounds  per 
square  inch.  The  temperature  is  raised  probably  to  250**  C.  (482°  F.) 
in  the  compression  cylinder.  Under  these  conditions  no  liquefac- 
tion or  condensation  occurs  for  reasons  already  mentioned  in  connec- 
tion with  the  discussion  of  the  low-stage  compressor.  The  mixture, 
still  under  pressure,  is  next  forced  through  2-inch  pipe  coils,  on 
which  water  of  ordinary  temperature  f  aUs.  In  some  plants  the  coils 
are  immersed  in  tanks  of  water.  An  average  temperature  of  probably 
32''  C.  (90°  F.)  in  summer  and  4**  C.  (''39  F.)  in  winter  is  maintained. 
The  temperature  is  further  reduced  by  expanding  the  gas  under  the 
pressure  mentioned  through  a  valve  into  a  pipe  that  envelops  the 
filial  section  of  pipe  through  which  the  compressed  gas  travels  on  its 
way  to  the  accumulator  tank.  Expansion  against  a  reduced  pressure 
of  30  poimds  per  square  inch  occurs  at  some  plants.  A  temperature 
of  about  4°  C.  (39**  F.)  is  normal  for  a  plant  using  this  plan. 

diOSEB-SXPANSION  SYSTEM. 

F.  P.  Peterson,  general  manager  in  the  state  of  Oklahoma  for 
the  Riverside  Western  Oil  Co.,  informed  the  authors  that  according 
to  his  experience  the  results  obtained  from  direct  expansion  of  the 
gases  usually  fall  far  short  of  expectation  and  that  efforts  in  the 
direction  of  more  efficient  cooling  by  expansion  are  being  made 
through  what  is  termed  a  system  of  closed  expansion.  This  system 
involves  the  use  of  a  cylinder  with  a  piston  and  a  means  of  resistance 
against  which  the  gas  is  made  to  do  work  in  expanding.  Water 
cooling  is  avoided  as  in  several  other  different  types  of  installation. 

In  the  standard  type  of  device  for  cooling  and  compressing,  as 
above  described,  methane  and  ethane  are  not  liquefied,  but  butane 
and,  in  some  plants,  propane  are.  A  heavy  condensation  of  gasoline 
vapors  usually  takes  place,  the  final  mixture  containing  principally 
butane,  pentane,  and  hexane.  Propane  and  also  heptane  may  be 
present.  There  wiU  also  be  found  some  of  the  gases  methane  and 
ethane  dissolved  in  the  liquid  produced. 

GHANQES  IN  GAS  ON  COMPRESSION  AND  COOUNO. 

The  gas,  in  passing  through  the  compression  and  cooling  coils, 
undergoes  several  changes;  one  has  to  do  with  the  condensation  of 
vapor,  another  with  the  liquefaction  of  gas,  and  a  third  with  the 
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solution  of  gases  and  vapors  in  the  liquid  produced.  The  vapor  con- 
densation depends  simply  upon  the  reduced  capacity  of  the  different 
gases  to  cany  the  vapora  when  subjected  to  increased  pressure  and 
lowered  temperature.  The  liquefaction  of  natural  gas  depends  upon 
the  temperatures  and  pressures  at  which  the  gases  butane  and  pro- 
pane are  liquefied  at  their  partial  pressures.  The  solubility  depends 
upon  the  solubility  of  the  gases  in  the  liquids  produced  at  the  par- 
ticular temperatiire  and  pressures  encountered.  The  three  changes 
mentioned  are  so  intimately  concerned  with  each  other  that  one 
factor  Cfui  not  be  disturbed  without  affecting  the  others.  For 
instance,  such  a  pressure  above  and  temperature  below  those  at 
present  ordinarily  used  could  be  maintained  as  to  increase  to  some 
extent  condensation  of  the  most  desired  constituents,  pentane, 
hexane,  and  heptane,  but  with  increasing  pressure  and  lowered 
temperature  more  of  the  undesirable  gaseous  constituents  would 
become  liquefied.  These,  when  exposed  to  the  atmosphere,  im- 
mediately volatilize,  carrying  with  Uiem  some  of  the  gasoline  con- 
stituents. At  increasing  pressures  more  of  the  gases  methane  and 
ethane  dissolve.  With  release  of  pressure  they  would  escape  with 
violent  agitation  and  further  loss  of  the  condensate. 

Present  methods  of  treating  the  raw  gas  have  resulted  from  actual 
plant  experiments  on  a  large  scale.  Little  record  of  these  experi- 
ments has  ever  been  published.  The  standard  equipment  herein 
mentioned  is  the  residt  to  date.  Improvements  in  the  process  are 
bound  to  take  place,  but  they  must  follow  established  laws  of  con- 
densation, liquefaction,  solubility,  etc.  The  authors  know  of  com- 
mercial ventures  that  were  failures  because  of  the  management's 
lack  of  knowledge  of  the  fundamental  laws  of  physics  and  chemistry 
and  of  the  nature  of  the  material  they  were  dealing  with. 

For  the  purpose  of  picturing  just  the  physical  changes  that  take 
place  in  the  process  a  diagram  such  as  that  constituting  figure  8  is 
instructive. 

Suppose  one  starts  with  a  natural  gas  at  atmospheric  temperature 
and  pressure,  and  suppose  it  contains  a  certain  weight  of  a  vapor  of 
a  liquid  hydrocarbon,  M,  which  exerts  a  part  of  the  total  pressure  of 
the  mixture.  This  vapor  must  be  dry,  saturated,  or  superheated. 
Assuming  it  to  be  superheated  the  condition  of  1  pound  of  it  may  be 
represented  by  the  point  a,  figure  8.  In  the  diagram  the  ordinates 
represent  pressures  and  the  abscissas,  volumes.  The  point  a  fixes  the 
volume  Va  and  the  pressure  Pa  of  a  pound  of  the  vapor  at  the  tem- 
perature U  Now  the  pressure  is  increased  until  the  point  I  is  reached, 
xepresenting  the  boiling  point  of  the  liquid  at  a  certain  temperature 
and  pressure;  condensation  begins  and  continues  at  constant  pressure 
>uitil  complete  at  hfi.  The  line  ab\c  is  the  isothermal  line  at  the 
temperature  U 
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Afl  the  vapor  of  the  liquid  hydrocarbon  oonstitutee  only  a  part  of 
the  gaa  mixture,  as  waa  first  aasuined,  in  order  for  condensation  to 
begin  it  ia  necessary  that  the  gas  nuzture  be  compreeaed  to  pressures 
above  atmospheric,  depending  on  the  partial  pressure  of  the  vapor, 
in  order  to  h&ve  a  pressure  (ordinate  of  h)  on  the  vapor.  In  practice, 
however,  the  problem  is  complicated.  The  amount  and  character 
of  the  vapors  are  only  imperfectly  known.  The  most  suitable  pres- 
flures  for  any  ^ven  plant  operation  can  be  obtained  only  by  actual 
trial 


FlODEB  8.— Dlagnin  UluitnUng  pbyilinl  otuDCM  tlut  tiia  plxa  la  ths  prDdnctlan  al  KsaoUiM  troci  natanl  ex 
DETAILS  OF  EQVIFHBNT  OF  OASOUNB  FUUTTS. 

In  figures  9  and  10  are  shown  the  plan  and  elevation  of  a  plant 
for  making  gasoline  from  natural  gas  by  the  compression  method. 

The  gas  from  the  wells  enters  the  plant  by  means  of  a  gas  line. 
.After  passing  through  a  drip  tank  a,  for  the  removal  of  oil  that 
might  be  carried  with  the  gas,  it  partly  circles  the  compressor  build- 
ing and  enters  the  low-stage  compressor;  after  compression  it  is  con- 
ducted to  the  low-stage  cooUng  coila,  and  thence  to  the  high-st^e 
compressor  e.  From  this  compressor  it  passes  to  the  cooling  coils  c, 
and  is  from  them  expanded  into  the  cooling  coils  d. 
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The  condensate  is  trapped 
into  the  accumulator  tank  6, 
and  the  residual  gas  may 
again  be  passed  back  into 
the  compressors  through  a 
conducting  pipe  line.  The 
authors  believe  that  this  lat- 
ter arrangement  results  in 
the  obtaining  of  no  more 
condensate,  for  the  residual 
gas  is  subjected  to  the  same 
treatment  to  which  it  has 
already  been  subjected.  In 
fact  the  method  appears  to  be 
wasteful,  because  the  resid- 
ual gas  simply  takes  the  place 
in  the  compressors  of  some 
gas  direct  from  the  wells  that 
could  be  profitably  treated. 
However  the  authors  have 
made  no  experiments  to  de- 
termine this  point. 

In  Plate  I,  J.,  is  shown  an 
exterior  view  of  a  gasoline 
plant  at  Sistersville,  W.  Va. 
The  small  cooling  coils  for 
water  cooling  and  the  larger 
pipes  for  expansion  cooling 
are  shown  distinctly. 

Plate  I,  By  shows  a  plant 
in  process  of  erection  in  the 
Gleimpooldistrict,Okla.  The 
expansion  coils  are  jacketed. 
Plate  I,  Cy  shows  a  small 
plant  at  Reno,  W.Va.  There 
are  many  of  the  smaller 
plants  of  this  type  through- 
out the  Appalachian  fields. 
Plate  n,  A,  shows  the 
cooling  coils  and  accumula- 
tor tanks  of  another  gasoline 
plant. 

Plate  n,  By  shows  the  in- 
terior view  of  an  accumula- 
tor-tank house. 


A.     EXTERIOR  VIEW  OF  GASOLINE  PLANT  AT  SISTERSVILLE,  W 


R,  QLENN  POOL,  OKLA. 


COOLING  COILS  AND  ACCUMymTOR  TANKS  OF  GASOLINE  PLANT. 


h.     GASOLINE-PLANT  ACCUMULATOB  T, 
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Plate  m,  Ay  shows  a  gas  engine  and  belt-driven  compressor  of 
another  gasoline  plant. 

Plate  m,  jS,  shows  an  interior  view  of  a  plant  having  both  a  low- 
stage  and  a  high-stage  belt-driven  compressor. 

Plate  IV,  A  J  shows  the  ruins  of  a  natural-gas  gasoline  plant  that 
was  destroyed  by  an  explosion. 

Plate  IV,  B,  and  Plate  IV,  C,  show  views  of  a  plant  in  California 
that  is  operated  by  an  ammonia  refrigerative  system. 

Plate  V,  A,  shows  an  oil  weU  from  which  casing-head  gas  is  drawn 
for  a  neai>by  gasoline  plant.  The  pump  shown  in  the  foreground  to 
the  left  of  the  picture  for  pumping  the  gas  from  the  well  is  connected 
to  several  other  wells  besides  that  one  shown  to  the  right  of  the 
figure.  The  gas-pipe  connection  to  the  oil  well  is  not  shown  in  the 
view,  because  it  is  on  the  other  side  of  the  casing. 

Plate  V,  B,  shows  an  exterior  view  of  another  gasoline  plant  in  the 
Glenn  pool  district.  Cooling  and  storage  tanks  and  oil-well  derricks 
and  oil  tanks  are  shown.  Ice  may  be  seen  on  two  of  the  gasoline 
storage  tanks. 

Plate  VI  shows  the  interior  view  of  the  compressor  building.  Six 
50-horsepower  direct-driven  gas  compressors  are  contained  in  this 
room.  Such  an  outfit  can  handle  about  2,500,000  cubic  feet  of  gas 
per  24  hours. 

PUkNT  TESTS  TO  DETBBjnNB  EFFECT  OF  DIFFEBENT  FBESSX7BES 

ON  YIEIJ>  OF  GASOLINE. 

Some  tests  were  conducted  by  the  authors  to  show  the  grade  and 
quantity  of  gasoline  produced  when  the  crude  natural  gas  was  sub- 
jected to  different  pressTires  during  actual  plant  operation.  The 
natural  gas  issued  from  the  wells  mider  slight  pressure.  Meters  were 
being  used  constantly  to  measure  the  gas.  The  pressure  to  which  the 
gas  is  ordinarily  subjected  is  about  140  to  150  pounds  per  square 
inch.  The  following  table  shows  the  results  of  the  authors'  experi- 
ments: - 

RetulU  of  tests  of  the  grade  and  quantity  ofaasoline  produced  when  crude  naivral  gas  is 

subjected  to  different  pressures. 


no. 


Poundi  per  tfuare  indi. 


Tempere- 
ttireof 
oooUng 
water. 


190..... 


•c?. 


10 
10 
10 


Oiftvftyof 
gasoline. 


'B. 


90 
94 


TMdof 

gasdUne 

per  1,000 

cubic  feet 

of  gas. 


Cfubk/eet. 
1.8 
3.0 
4.5 


It  had  been  found  by  experiment  at  this  plant  that  pressures  of  140 
to  150  pounds  per  square  inch  produced  the  most  marketable  gaso- 
line.   It  win  be  observed  that  a  pressure  of  190  potmds  produced 


58  CONDBNSATIOK  OF  GA80LIKE  FBOM   NATURAL  GAS. 


more  gasoline.  The  extra  H  gallons,  however,  was  of  such  a  volatile 
character  that  it  only  escaped  into  the  atmosphere  upon  exposure  to 
the  air;  hence  high  pressures  at  this  plant  were  unnecessary.  Gaso- 
line could  be  obtained  by  the  appUcation  of  pressures  as  little  as  50 
pounds  per  square  inch,  but  the  yield  was  small. 

As  natmtd  gas  is  of  different  character  in  many  different  sections 
of  the  country  and  even  in  the  same  oil  field,  data  obtained  at  one 
plant  can  not  always  be  used  as  a  basis  for  operating  other  plants — 
that  is,  as  far  as  the  pressures  that  should  be  used  are  concerned. 
£ach  operator  should  thoroughly  test  his  own  gas.  Different  pres- 
sures should  be  applied  and  the  quantity  and  character  of  the  gasoline 
noted.  A  reliable  meter  for  measuring  the  gas  becomes  indispensable. 
If,  in  certain  plants  operating  to-day,  meters  were  installed  and  a 
series  of  tests  conducted  as  above  outlined  much  greater  effidency 
of  operation  could  be  attained.  Other  apparatus  that  could  be  used  to 
advantage  are  thermometers,  graduated  vesseb  for  measuring  the 
gasoline,  hydrometers  for  determining  the  specific  gravity  of  the 
gasoline,  and  gas-analysis  apparatus,  especially  an  apparatus  for 
detecting  air  leaks  in  pipes  through  analyses  of  the  gas  for  oxygen. 

COMMENTS  ON  METHODS  AND  EQUIPMENT  OF  VARIOUS 

PliANTS. 

One  plant  in  McKean  Coimty,  Pa.,  obtains  only  about  72,000  cubic 
feet  per  24  hours  from  91  producing  oil  wells  subjected  to  a  reduced 
pressure  of  only  1  or  2  inches  of  mercury.  About  4  gallons  of  gasoline 
per  1,000  cubic  feet  of  gas  is  obtained. 

Another  plant,  about  2  miles  distant,  obtains  about  30,000  cubic 
feet  of  gas  per  hoiir  from  57  weUs  under  a  similar  reduced  pressure. 

The  only  plant  in  New  York  situated  in  the  same  field  as  those 
mentioned  above  is  about  10  miles  distant  and  obtains  about  72,000 
cubic  feet  of  gas  from  60  wells  in  24  hours.  The  welb  are  drilled  in 
what  is  known  as  the  third  sand.  The  sand  in  this  locality  is  spoken 
of  as  being  "close."*  At  a  compression  of  250  pounds  per  square 
inch  and  with  cooling  to  about  20**  C.  (68**  F.),  the  yield  of  gasoline 
approximates  closely  4  gallons  per  1,000  cubic  feet  of  gas.  The  spe- 
cific gravity  of  the  condensate  is  90**  to  95**  B. 

In  the  region  around  Tidioute,  Warren  County,  Pa.,  there  is  a 
condition  that  exists  in  no  other  field  in  the  United  States  as  far  as  the 
authors  are  aware.  The  producing  wells  tap  the  third  sand,  and  are 
subjected  to  a  reduced  pressure  of  about  20  inches  of  mercury.  Any 
^ases  and  vapors  obtained  are  simply  cooled  in  water  and  the  con- 
densate collected.  The  amount  of  vapors  obtained  per  well  is  rather 
small  and  the  methods  of  extraction  of  gasoline  are  crude.  At  only 
two  ''plants"  is  any  attempt  made  to  compress  the  gas,  but  con- 
nected to  these  are  50  or  60  wells.  The  majority  of  the  producers  in 
this  region  pump  only  a  few  wella. 


.     GAS  ENGINE  ANO  BELT-DRIVEN  COMPRESSOR  IN  GASOLINE  PLANT. 


B.    DOUBLE-STAGE  BELT-ORWEH  COMPRESSOR. 


RESULTS  OF  AN  EXPLOSION  l^ 


F  STILL  HOUSE  OF  A  PLANT  FOR  CONDENSING  GASOLINE  BY  REFRIGERATION. 


C.  GENERAL  VIEW  OF  PLANT  FOR  CONDENSING  QASOLINE  BY  ftEFRIGERATION.  FROM 
LEFT  TO  RIGHT  ARE  SHOWN  THE  WATER  TOWER,  GAS  RECEIVER,  REFRIGERATING 
COILS,  AND  STILLS. 
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At  Hastiiigs,  Warren  County,  Pa.,  and  in  the  surrounding  region 
the  average  quantity  of  gas  per  well  increases  over  that  in  the  other 
regions  operated  in  the  northern  Pennsylvania  fields.  The  quantity 
of  gasoline  obtained  per  1,000  cubic  feet  of  gas  under  conditions 
similar  to  those  in  the  northern  fields  is  approximately  the  same. 

The  oil  fields  extend  south  into  Butler,  Allegheny,  and  Washington 
(bounties,  and  many  successful  plants  are  in  operation  in  all  those 
counties,  although  most  of  them  are  small.  The  wells  utilized  for 
gasoline  production  constitute  a  small  proportion  of  the  total  number 
of  oil  wells,  being  less  than  1  per  cent. 

As  the  oil  fields  extend  into  West  Virginia  and  Ohio,  especially  those 
along  the  Ohio  River  on  both  sides  from  SteubenviUe  to  Marietta, 
Ohio,  more  wells  are  utilized — ^probably  between  25  and  50  per  cent  of 
the  total  number  of  wells. 

In  this  region  are  situated  some  of  the  largest  and  best  equipped 
plants  in  the  United  States.  The  gas  is  as  a  rule  rich  in  the  gasoline- 
making  constituents,  approximating  on  the  average  close  to  3  gallons 
of  90^  to  95^  B.  gasoline  per  1,000  cubic  feet  of  gas  treated.  Com- 
pression at  200  pounds  pressmre  per  square  inch  is  employed. 

OOST  OF  GASOLINE-PLANT  EaXTIPKBNT. 

Compression  and  condensing  equipment  that  will  handle  120,000 
cubic  feet  of  gas  per  24  hoiu^  costs  about  $2,800.  This  includes  a 
15-horsepower  gas  engine  and  low-stage  compressor  for  a  discharge 
pressure  of  50  pounds  per  square  inch,  a  15-horsepower  gas  engine 
and  high-stage  compressor  with  a  discharge  pressure  of  250  pounds 
per  square  inch,  intercooler,  aftercooler,  accumulator  tank,  expan- 
sion coils,  and  refrigerating  coil,  and  a  hghting-plant  equipment 
consisting  of  a  5-horsepower  engine,  generator,  safety  lamps,  incan- 
descent lamps,  wiring,  etc.  The  gas  engines  and  the  compressors 
are  direct  connected.  The  price  of  equipment  varies  from  $2,800  for 
equipment  for  handling  the  smaller  quantities  of  gas  up  to  $7,800 
for  equipment  capable  of  handling  600,000  to  700,000  cubic  feet  of 
gas.  Foundations  and  housing  for  machinery,  pipe  hnes  to  wells, 
railroad  sidings,  storage  tanks,  etc.,  are  extra. 

The  authors  are  aware  of  one  small  plant  from  which  the  owner 
daioaus  he  derives  a  net  income  of  $150  per  month  with  a  small  equip- 
ment which  handles  only  60,000  cubic  feet  of  gas  in  24  hours.  Condi- 
tions are  such  that  this  man  is  enabled  to  attend  to  this  plant  in 
addition  to  his  regular  duties.  The  gas  used  is  exceedingly  rich  in 
gasoline  vapors. 

The  authors  have  knowledge  of  two  plants  that  cost  $40,000  for 
complete  installation,  including  the  cost  of  compressors,  two  of  them 
of  50  horsepower,  two  of  40  horsepower,  two  of  35  horsepower,  and 
two  of  20  horsepower,  storage  tanks,  railroad  sidings,  and  buildings 
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at  the  sidings,  pipe  lines  to  about  120  wells,  foundation  and  housing 
for  equipment,  etc.  The  operating  expenses  for  one  year  were 
$11,000.  The  cost  for  the  salaries  of  six  men  included  in  the  opera- 
ting expenses  was  $7,000.  The  other  $4,000  was  paid  for  repairing 
the  plant  and  for  waste,  oil,  etc.  The  two  plants  sold  490,000  gallons 
of  gasoline  in  1913.  For  most  of  the  gasoline  the  company  received 
13^  cents  per  gallon.  Probably  11^  cents  would  be  an  average  price; 
hence  the  gross  income  was  11^  multiplied  by  490,000,  or  $55,125, 
the  net  income  therefore  being  $55,125  less  $11,000,  or  $44,125. 
The  company  running  these  plants,  by  an  unusual  agreement,  paid 
to  a  party  from  whom  they  bought  the  plant  a  royalty  per  year  of 
50  per  cent  of  the  profits,  hence  the  owners'  net  gain  was  $22,062. 
Therefore,  on  the  original  investment,  they  realized  about  55  per 
cent  return  for  the  year  1913. 

PBBCBNTAGE    OF    VAPOB    CONDENSED    BY    OOXPBBSSION    AND 

COOLINO. 

The  change  in  the  raw  gas  that  takes  place  in  the  compressors 
and  coolers  of  a  plant  consists  in  the  conversion  of  certain  vapors 
and  gases  into  Uquid  condition,  and  the  solution  of  gases  in  these 
liquids.  To  give  exact  figures  for  the  proportions  of  gas  and  vapor 
that  disappear  is  impossible.  An  approximation  can  be  reached, 
however.  One  gallon  of  liquid  pentane  when  converted  into  gas 
produces  about  31  cubic  feet  of  gas  at  0°  C.  and  760  mm.  pressure. 
One  gallon  of  propane  in  the  Uquid  condition  produces  about  45 
cubic  feet  of  gas.  One  gallon  of  butane  produces  37  cubic  feet  of  gas. 
Butane  and  pentane  are  probably  the  two  paraffins  that  are  removed 
in  greatest  quantity. 

Aside  from  such  liquefaction  a  certain  amount  of  gas  is  absorbed 
by  the  liquid,  as  stated  above.  It  is  small  as  regards  the  total  disap- 
pearance of  gas.  The  authors  estimate  that  at  some  plants  about  35 
cubic  feet  of  gas  disappears  for  each  gallon  of  condensate  produced 
from  1,000  cubic  feet  of  gas.  If  4  gallons  of  condensate  per  1,000 
cubic  feet  of  gas  is  obtained,  then  140  cubic  feet,  or  about  14  per 
cent  of  the  gas  treated,  has  disappeared.  At  some  plants,  however, 
as  much  as  50  per  cent  of  gas  disappears,  and  at  others  the  quantity 
of  residual  gas  is  almost  insignificant. 

BESTTXTS  OF  ANALYSES  OF  OASES  FBOM  DIFFEBENT  STAOES  OF 

PLANT  OPEBATION. 

Table  5  following  shows  the  results  of  laboratory  tests  of  various 
gases  derived  from  the  different  stages  of  plant  operation.  The  per- 
centage of  air  was  calculated  from  the  oxygen  content  as  determined 
by  analysis. 


■A.     OIL  WELL  FROM  WHICH  CASIKG  HEAD  GAS  IS  ORAWM  FOR  NEAR-BY  GASOLINE  f 


.     EXTERIOR    VIEW    OF    GASOLINE    PLANT.     COOLING    AND    STORAGE    TANKS,    OIL-WELL 
□  ERHICKS,  AND  OIL  TANKS  ARE  SHOWN. 
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Table  S.-— Rendu  of  laboratory  tuu  of  samples  of  ffaefrom  different  ffoeoline  planu. 

PLANT  1^  NEAR  FOLLANSBEE,  W.  VA. 


Oondftianof 


Nataral 
as  drairn 
from  the  weQ. 

Rfigjdoal  gas 
aftffremoTal 
of  50  pounds 
of   cooipns* 


don  praanct. 
Rasiilaal  gas 
afterramoral 
ofasOpomids 
of  ooiBpns- 
sion  prooact* 


XtiunlgBsas 
drawn  from 
thevelL.... 

B«sidiial  gas 
after  removal 
of  fiOpoonds 
of  oompres- 
skm  product. 

Besidoal  gas 
after  remoTal 
ofaBOponnds 
of  ooniprotH 
sion  product. 


B.uu. 
2,644 


2,S1S 


3,171 


3,474 


3,415 


2,023 


1.46 


1.46 


1.33 


L4I 


L88 


1.15 


Pro- 

ab- 
sorb- 
ed 

by 

85  oc 
ofoa. 


85.7 


7&3 


83.6 


810 


63.6 


Composition. 


Air. 


CH4. 


P.tt 


P.tt 


CJH.. 

CiHi. 

CMvh 

P.cf. 

las 

P.tt 
88.3 

P.CL 

IflwO 

82.0 

50.3 

4aa 

3L4 

7&3 

26.5 

72.4 

I 

1 

1 

77.3 

22.0 

1 

Ni. 


ao 


a2 


a5 


.4 


1.1 


.7 


CO,. 


P.eL 


To- 
tal. 


P.et 
100 


100 


100 


100 


100 


100 


Remarks. 


The  gas 
drawn  from 
75  producing 
oil  wells,  un- 
der  a  reduced 
pressure  of 
20  inches  of 
mercury. 
The  Bsoline 
produced 
was  shipped 
in  drums  to 
Pittsburgh, 
Pa.,  where  it 
was  blended 
with  refinery 
naphtha  to 
the  market. 


These  samples 
were  taken 
from  the 
same  plant 
as  t n o s e 
aboye,  but 
were  taken 
two  months 
previous. 


PLANT  2,  NEAR  KcDONALD,  PA. 


Katnralgas  as 
drawn  from 
the  wen 

B«6idual  gas 
after  removal 
of  20  pounds 
of  oompres- 
alon  proonct. 

Residual  gas 
sfterronoval 
of  8P  pounds 
of  oomproO' 
slon  product. 


I 


P.  t. «. 
1,817 
1,273 


1,303 


1,220 


1.08 


e.Q2 


38.5 
27.0 


eaa2 


2S.0 


caai 


20.0 


aao 


2.7 
1.9 


.7 


7.2 


06.1 
67.3 


60.6 


63L0 


1.0 
.6 


.6 


.7 


a3 
.1 


.1 


.1 


100 
100 


100 


100 


Air  was  leaking 
into  the  pipes 
in  large 
amount. 
The    output 

was  li  gal- 
lons per  1.0UO 
cubic  feet  of 
crude  gas. 
The  gas  used 
was  that 
ttom  pro- 
ducing wells. 
The  gas  was 
obtained 
under  a  re- 
duced pres- 
sure of  20 
inches  of 
mer  c  u  r  y . 
Thisgasolme 
was  blended 
with  refinery 
naphtha  and 
then  mar- 
keted. 


•  Plant  numbers  arbitrarily  awigneri  for  convenience  of  reference. 

6  Anal;8isca]culated*'airfree''t08bow  composition  of  crude  gas.   The  crude  gas  was  obtained  after  th« 
8u  had  been  first  compressed  but  not  cooled. 
'  Actoal  composition  of  the  gas  delivered  to  the  compressor. 

BTaeW—Ball.  W— 16 6 
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Tamuk  b.^Re$uli$  of  laboratory  uau  of  tamplm  <^  99^  fiom  4i§ennl  goaoUnt 

Gontmued. 


PLANT  S,  NKAB  McDONALD,  PA. 


Oalea- 

eSSc 

1                            Cmnpoittion. 

■ 

latad 

grass 

haatii« 

Pro- 

1 

Ooodltiono/ 

Taloe 

at 
0«C. 

ab- 
sorb-; 

Remarics. 

oobfc 
foot  at 

arc. 

and 

and 

700 

mm. 

(alr- 

35  oc.' 
ofoO.. 

CH«.,CsHc 

i 

C^Ht. 

CMm. 

Ni. 

CO^ 

To- 

taL 

TOO  mm. 

1). 

NatanI  gas  as 

ll?.f.«. 

P.cl. 

P.d. 

P.<t 

P.ct 

P.  A 

P.€L 

P.O. 

P.et 

The  ontpot  of 

cnMro   uVio 

3,310 
1,680 

1.60 

43.0 
33.0 

^\ 

34.8 
316 

4a6 
20.0 

38.0 
16w6 

3.1 
L6 

100 
100 

gasolkM  was 

9  to  4  g^lcns 

thawvU 

lUildaal     gas 

aftarramoTal 

of  nsoline 
1,000     cJbki 

of  npotmds 

iiaB  jpfoaoct. 

1,230 

17.7  1*30.6 

»« 

3&1 

16.0 

.8 

100 

feet  of  sas. 
The  gas  was 

Basldi^     (as 

1 

drawn   from 

aftarremoral 

prodacing 

of  80  pounds 

wells,  under 

of    oompTfls- 
•lon  prodact. 

1,060 

30.6,»3a7 

1 

43.6 

OlO 

ff 

16.0 

.8 

100 

a  reduced 
pressure  of 
30  incfaea  of 
mercu  r  7  . 
The  gasolme 
was  blended 

wIfhreflnerT 

then   m  a  r  - 

keted. 

PLANT  4,  NEAR  KIEFBR,  OKLA.  (OLBNN  POOL). 


Natural  gas  as 
drawn  fkt>m 
the  well 

Residual  gas 
after  removal 
of  250  pounds 
of  compres- 
sion prodttot. 


ass 


76 


22.4 


40.1 


6a7 


44.1 


36i8 


a7 


.6 


6.1 


3.0 


100 


100 


The  output  of 
gasoline  was 
Ik  ^llODS  of 
••wfld"  gaso- 
line par  1,000 
cubic  feet  of 
gas.  The 
gas  was 
drawn  from 
the  wells, 
under  &  re- 
duced pree- 
»re  or  30 
inches  of 
mercury. 
The  gasolme 
was  blended 
wIthrelLnery 
mphthaand 
then  mar- 
keted. 


PLANT  5,  NEAR  FOLLANSBEE,  W.  VA. 


Natural  gas  as 
drawn  from 
well 

Residual  gas 
after  removal 
of  60  pounds 
of  oompxes- 
sion  product. 

Residual  gas 
after  removal 
of  226  pounds 
of  compres- 
sion product. 


1 2, 


B.t.u. 
ill 
103 


1.380 


64.7 
67.0 


2.015 


1,576 


b56.6 


M2.2 


(•) 

m.o 


611.6 


bl&O 


28.6 
34.8 

7L1 
61.0 

0.4 
.3 

100 

100 

34.8 

63.4 

.8 

100 

74.8 

7.8 

.4 

MO 

1  Analysis  calculated  "air  ffeee"  to  show  compositlflB  of  oradegaiL 
6  Analysis  shows  actual  compoeltian  of  gas  deliwed  to  oompri«gr. 


The  output  of 
sasoUne  was 
500  gallons 
in  34  hours 
from  two  35- 
horse  power 
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Tabu  b.—-Rm»lU  of  laboratory  Uti$  ofaampleB  offfot/rom  deferent  goioline  plania-^ 

OoBtnuMd. 


PLANT  0,  NEAR  RIVBEaiDE,  W.  VA. 


Galea- 

giav- 
0»C. 

Composttlon. 

lated 

gross 

heating 

Pro- 
por- 
Uoa 

Conditicnof      "^^ 

CM                        P*' 

ab- 
sorb- 

Remarks. 

§■• 

enbie 
looiat 

©•c. 

and 

and 
760 

(alr- 
1). 

ed 

by 
35  oc. 
ofofl. 

Air. 

GK4. 

CiHi. 

CiHi. 

(UBi*. 

Ni. 

CDs. 

To- 
tiL 

Natunl      gas 

2,3eB 

P.tL 

P.eL 

P.dL 

P.dL 

P.tt 

P.rt. 

P.O. 

P.O. 

istakanfrom 

1.37 

48.3 

(•) 

32.3 

60.7 

1.1 

100 

The   gas    was 

theviQ. 

i,7aD 

1.37 

33.4 

b27.4 

38.4 

48.4 

.8 

100 

diawn   from 

Residoal     gas 

the  walls  un- 

tftcr     eom- 

1,6S7 

L36 

31.8 

639.4 

23.9 

45.7 

1.0 

100 

darareduoed 

mtnkn  to  a 
Kw  ocmoes. . . 

3,348 

1.36 

45.0 

(•) 

33.9 

04.7 

1.4 

100 

■  prasmie    of 
20  Indies  of 

Kcsidual    gas 

msfoury. 

after  removal 
orTOpoonds 
of   comnraa- 
sioo  product. 

1,119 

.98 

28.1 

»34.9 

10.7 

54.0 

.4 

100 

1,739 

.97 

53.0 

(•) 

16.4 

83.0 

.6 

100 

PLANT  7,  NEAR  RIVERfllDE,  W.  VA.  (PLANT  NO.  9). 


NatmalgMaB 
drawn  tmoi 
thew«U 

B«sidaal  gas 
afternmoval 
of  90  pounds 
of  oompres- 
skn  pradoct. 


B.Lu. 
>  1,009 
3,434 

^  1,178 
1,873 


1.38 


1.00 


37.8 
44.1 

33.5 
37.3 


»31.1 
(•) 

»37.0 


13.4 
18.0 

53.3 
82.9 


54.3 

78.7 

7.8 
13.4 


3.3 
3.3 

3.0 

4.7 


100 
100 

100 
100 


The  gas  was 
diawn  fkom 
49  walls. 


PLANT  8,  NEAR  STEUBENVILLE,  OHIO. 


Natural  gas  as 
drawn  from 
theweU 

Residoal  gas 
after  nmoral 
ofWpomids 
of  oompras- 
fiiOD  prodnet. 

Beiidaal  gas 
after  ranoval 
of  160  pounds 
of  Qomprea- 
aoo  product. 


B.LH. 
1,810 
3,070 

1,615 
■  1,907 


1,874 
'  1,559 


1.15 
1.31 


1.08 


1.06 


51.3 
53.7 

42.5 
60.3 


61.3 
43.7 


bl3.0 
(•) 

»li.3 

(•) 


616. 


8 


64.3 
73.6 

79.8 
94.3 


08.3 
81.8 


23.1 
26.4 

4.9 
5.8 


1.7 
1.4 


100 
100 

100 
100 


100 
100 


PLANT  9,  W 

.  VA. 

Natoral  gas  as 

B.ttt. 

drawn  from 

2.231 

1.39 

49.7 

(?) 

47.6 

60.7 

1.7 

100 

Qas  was  drawn 

tbswefl 

1,444 

32.8 

65.2 

30.8 

32.8 

1.2 

100 

from  36  wells. 

Residual     gas 

after  removal 
of  100  pounds 
of   canpf<»' 

1.931 
1,235 

1.12 

39.6 
35.1 

^% 

84.3 
63.6 

13.7 
8.7 

2.0 
1.3 

100 
100 

liao  product. 

a  Analysia  ealoulated  "air  fjree"  to  show  oomposition  of  crude  gas. 
6  Actual  oomposition  of  gas  delivered  to  compressor. 
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Tablb  5. — RewUs  of  labomtory  tests  of  samples  of  gas  from  d&ff^tent  gasoUme  plants— 

Contmued. 


PLANT  10,  yi 

'.  VA. 

Galea- 
lated 
gross 

heating 

value 

per 

cubic 

foot  at 

0»C. 

and 

760  mm. 

Spo- 
cMo 
grav- 

^ 

0*C. 
and 
760 

(air- 
1). 

Pro- 
por- 
tion 
ab- 
sorb- 
ed 
by 

3500. 
ofofl. 

38.4 
30.7 

34.5 
27.7 

Compositloin. 

Conditkm  of 
gas. 

Air. 

CH4. 

1 
1 

CflHe.  CtHi.  CiBn. 

1 

r 

N^ 

COt. 

To- 
tal. 

Remarks. 

Natural  gas  as 

B.t.fL. 

1,016 
1,521 

.1,686 
1,311 

1.07 

*'.'oi' 

P.cL 

(«) 
620.6 

P.cL 

28.4 

22.8 

P.CL 

08.1 

73.0 

71.6 
67.4 

P.€L 

6.0 
5.5 

P.cL 

P.CL 

P.CL 
100 
100 

100 
100 

P.CL 

GaswBsdra^ni 

the  well 

from    100 

Residual     gas 
after  removal 

wella. 

of  125  pounds 

of    compres- 
.  sion product.. 

PLANT  11,  NEAR  8TEUBENVILLE,  OHIO. 


Natural  gas  as 
drawn  from 
the  well , 

Residual  gas 
after  removal 
of  25  pounds 
of  compre^ 
don  product. 

Residual  gas 
after  removal 
of  160  pounds 
of  oomprofH 
slon  product 


I 


B.Lu. 

1,784 
1,616 

1,607 
1,610 


1.608 
1,881 


1.00 


.05 


,80 


36.0 
83.1 

36.3 
82.0 


084.0 
630. 2 


»0.4 


blO.5 


613.6 


0.7 
8.8 

20.6 
18.4 


33.0 
28.5 


oa3 

81.8 

70.4 
71.1 


67.0 
W.O 


100 
100 

100 
100 


100 
100 


Qaswms  drawn 
framaOweUft. 


a  Analysis  calculated  "air  free"  to  show  composition  of  crude  gaa. 
6  Actual  composition  of  gas  delh'ered  to  campreeror. 


SIGNinCANCE   OF   RESULTS   TABULATED. 

It  is  well  to  again  call  attention  to  the  fact  that  the  percentages  of 
paraflBn  hydrocarbons  shown  in  the  preceding  results  of  analyses  are 
only  approximate.  Only  the  two  predominating  paraffin  hydrocar- 
bons are  shown.  For  instance,  in  plant  2  the  hydrocarbon  content 
of  the  crude  gas  is  given  as  CH4,  2.7  per  cent,  and  C^H^,  96.1  per  cent. 
Propane,  butane,  and  vapors  of  the  liquid  hydrocarbons  must  be 
present,  else  gasoline  could  not  be  condensed  from  the  gas.  The 
total  hydrocarbon  content  is  correct  or  nearly  correct,  however,  as  is 
the  specific  gravity  and  heating  value.  The  oil  absorption  shows  only 
the  relative  solubiUties  of  the  different  gases  under  a  certain  condition. 
One  can  determine  approximately  the  relative  changes  that  take  place 
in  the  plant  operation  by  comparing  the  different  analytical  results. 
For  instance,  the  figures  for  plant  6,  near  Riverside,  W.  Va.,  indicate 
that  the  gas  underwent  only  a  small  change  after  compression  in 
the  first  stage  to  a  pressure  of  a  few  ounces.  The  spedfic  gravity 
changed  only  from  1 .27  to  1 .26,  the  heating  value  dropped  inapprecia- 
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hlyj  the  oil  absorption  was  only  slightly  different,  and  there  was 
scaroelj  any  change  in  the  chemical  analysis.  After  compression  to 
70  pounds  per  square  inch,  however,  the  gas  changed  markedly. 

Regarding  the  results  for  plant  1,  the  chemical  analysis,  the  specific 
gravity  determination,  and  the  claroline  oil  absorption  show  the  gas 
represented  to  be  a  rich  one .  It  will  be  seen  that  little  difference  existed 
between  the  composition  of  the  crude  gas  and  the  same  gas  after  it 
had  been  compressed  to  a  pressure  of  50  pounds  per  square  inch. 
Only  after  the  compression  to  a  pressure  of  250  pounds  per  square 
mch  and  cooling,  did  the  composition  of  the  gas  mixture  change 
appreciably. 

The  results  obtained  with  the  gas  from  plant  2,  a  small  plant  near 
McDonald,  Pa.,  show  that  the  crude  gas  was  not  very  "wet."  The 
absorption  by  claroline  oil  was  rather  low,  and  the  gas  was  probably 
near  the  lower  limit  of  a  gas  adapted  for  the  production  of  gasoline. 
The  composition  of  the  gas  was  not  changed  to  a  very  marked  degree 
at  any  stage  in  the  plant  operation. 

The  results  obtaiaed  with  the  gas  from  plant  3, 1  mile  from  plant  2, 
and  the  results  with  the  gas  from  the  latter  plant  show  in  a  marked 
degree  how  natural-gas  samples  may  vary  in  the  same  field.  After 
the  sample  from  plant  3  had  been  compressed  to  20  pounds  per 
square  inch  and  cooled,  a  considerable  change  in  the  composition  took 
place.  The  composition  also  changed  considerably  after  compression 
to  80  pounds  per  square  inch  and  cooling.  Nearly  50  per  cent  of  the 
gas  ddivered  to  the  compressor  consisted  of  air  and  nitrogen. 

The  results  for  plant  4,  in  the  Glenn  pool  district,  Okla.,  cover  a 
gas  probably  about  as  poor  as  can  be  handled  commercially.  The 
condensate  produced  is  extremely  volatile.  Other  samples  of  gas 
irom  this  same  field  are  rich  in  gasoline  vapors. 

The  results  for  plant  5  represent  a  gas  that  was  derived  from  wells 
m  the  immediate  vicinity  of  those  connected  with  plant  1.  The  gas 
is  of  the  same  general  character.  The  greatest  change  occurs  after 
compression  to  225  poimds  per  square  inch  and  cooling. 

Regarding  plant  6,  near  SistersviUe,  W.  Va.,  compression  to  a  few 
ounces  per  square  inch  and  cooling  produced  no  gasoline,  but  after 
compression  to  70  pounds  per  square  inch  and  cooling,  the  gas  under- 
went a  considerable  change  in  composition.  A  heavy  condensation 
of  gases  and  vapors  occurred. 

As  regards  the  results  for  plant  8,  near  Steubenville,  Ohio,  most  of 
the  condensate  was  produced  after  the  gas  had  been  compressed  to 
W  poimds  per  square  inch  and  cooled.  Increasing  the  pressure  to 
160  pounds  per  square  inch  and  cooling  gave  Uttle  additional  yield, 
as  is  shown  by  the  test  results. 


66  CONDSNaATION   OF  OAfiOUNE   FROM   NATURAL  GAS. 

In  plaat  9  one-stage  oomprBBsian  and  cooling  was  preotused. 
Hi^wgrade  plant  equipment  aad  agceUant  methods  of  handKng  the 
product  were  in  use. 

In  plant  10  the  composition  of  the  gas,  after  oompreasion  to  125 
pounds  per  square  inch  and  cooling,  changed  markedly.  OHnpraaaion 
to  any  higher  pressures  would  probably  be  useless,  in  view  of  tlie  com- 
position of  the  waste  gas. 

OENBRAL  CONCLUSIONS. 

In  general  the  preceding  table  shows  that  under  existing  methods 
of  plant  operation  condensate  is  extracted  from  natural  gas  that 
ranges  in  specificgravityfrom  as  low  as  0.83  to  as  high  as  1.59  (air=  1) 
and  that  the  solubilities  of  the  gas  in  claroline  oil  ranges  from  36.9 
(air  free)  to  85.7  per  cent,  according  to  the  well  from  which  it  comes. 

The  authors  hesitate  to  reconmiend  the  installation  of  a  plant  to 
handle  natural  gas  that  shows  results  as  poor  as  the  Tninimum  values 
given  in  the  table.  Such  gas  mi^t  produce  gasoline  in  paying 
quantities  and  might  not.  Probably  the  safest  extremes  would  be  a 
specific  gravity  of  0.95  (air«l),  fmd  a  claroline-oil  absorption  of 
40  per  cent.  The  natural  gas  suppUed  to  Pittsburgh,  Pa.,  with  which 
the  autliors  are  most  familiar,  contains  little  of  the  gaseous  hydro- 
carbons, has  a  specific  gravity  of  0.64  (air»  1),  and  has  a  claroline-oil 
absorption  of  about  16  j)ec  cent.  It  is  a  dry  gas  and  is  unsuitable 
for  gasoline  production. 

It  will  be  seen  that  in  many  of  the  plants  the  gas  delivered  to  the 
compressor  contained  20  to  40  per  cent  of  air  due  to  inleakage  either 
through  the  rock  strata  or  through  defective  connections  in  the  gas 
lines.  Such  leakage  is  obviously  undesirable  and  every  effort  should 
be  directed  toward  its  prevention. 

The  waste  gases  from  some  plants  seem  to  contain  considerable 
quantities  of  gasoline-making  constituents,  as  may  be  observed  from 
the  analytical  results,  including  the  specific-gravity  determinations, 
and  the  percentages  of  gas  that  was  absorbed  by  claroline  oil.  The 
waste  gases  escape  directly  from  the  accimiulator  tank  containing  the 
last-stage  compression  products.  These  products  at  the  existing 
temperatures  have  high  vapor  pressures,  and  consequently  the  escap- 
ing gases  carry  with  them  some  of  the  vapors  of  the  liquid  in  the  tank. 

8PE0IFI0  aBAVITIES  AKB  ABSORPTION  NT7KBEBS  OF  NATUKAI. 
OASES  TTSEB  FOB  CONDENSATION  OF  NATT7BAL  GAS. 

The  authors  have  compiled  the  following  table  to  show  at  a  glance 
the  specific  gravities  and  absorption  numbers  of  natural  gases  used  for 
the  condensation  of  natural  gas.  The  table  is  compiled  from  the 
results  shown  in  the  large  table  preceding.  The  compilation  will  be 
useful  for  reference  in  predicting  the  results  that  may  be  obtained 
from  other  samples  of  natural  gas. 


COMMENTB  ON  MBTHODB  AKD  BQXTIPiaKT  OF  VABIOITB  PLANTS.       67 


Speeife 


and  abtorj^tSm  mmb^n  of  mm^flm  of  naiunl  g/u  umd/or  making 

goioGne. 


Na 

Specific 

Abacrption 
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FIBE  HAZABB  AT  QASOLINB  PLANTS. 

Serioas  accidents  have  oceiiired  in  the  manufacture  of  gasoHne 
from  natural  gaa  and  in  the  transportation  of  the  gasoline.  Several 
plants  have  been  completely  wrecked  through  the  explosions  of  gas- 
air  mixtures  that  have  resulted  from  the  escape  and  ignition  of  natural 
gas  in  the  engine  and  compressor  rooms.  Storage  tanks  have  also 
been  demolished  wh^i  they  have  burst  owing  to  excessive  pressures 
pat  on  them.  Safety  valves  must  be  in  good  working  order,  and 
great  care  should  be  exercised  in  installing  electric  wiring  systems  and 
magnetos.  AU  electric  wiring  should  be  properly  placed,  well  insu- 
lated and  made  secure  on  supports.  Fuses  or  electric  switches  should 
never  be  placed  inside  of  buildings  where  gas  might  escape.  Lighting 
dynamos  and  magnetos  should  be  installed  in  small  buildings  outside 
the  main  building.  Electric^light  bulbs  should  be  protected  by 
wire  guards,  because  they  may  ignite  explosive  mixtures  if  they  are 
accidentally  smashed.^ 

The  following  table  shows  the  small  percentages  of  gases  and  vapors 

occmring  in  natural  gas  that  are  required  to  form  explosive  mixtures 

with  air: 

Low  expUmve  limiU/or  paraffin  gases  and  vapors.  ^ 


EUane.. 
Pnpaie. 


PFoportkmof 

nMlrmix- 

cure  const  i- 

tatlDglow 

eiroloshre 

Tnilt. 


Per  cent, 
&60to&70 
3. 00  to  8. 20 
2. 15  to  2. 30 


Hydrocarbon. 


NbataiM. 
Npentaiie. 


ProportJonof 
gasHftir  mix- 
ture constl* 
tuting  low 
explosive 
■    llnlt. 


Percent. 
1.60  to  1.70 
1.36  to  1.40 


According  to  the  above  table,  even  if  a  natural  gas  consisted  almost 
entirely  of  methane,  as  some  natural  gases  do,  an  explosion  would 
follow  an  ignition  of  a  mixture  of  air  and  natural  gss  containing 
5.50  per  cent  of  methane.    The  natural  gas  of  Pittsburgh  contains  an 

•  Clark,  H.  SL,  and  Uslef ,  L.  C,  Iffiittei  of  miaa  faaes  by  tbe  fllamenta  of  inoandeaosnt  lamps:  BuU. 
52,  Bureaa  of  llines,  1913, 31  pp. 

^  HurgBSB,  IC.  J.,  and  Wheeler,  R.  V.,  The  knrer  limit  of  the  hiflammabfllty  of  mixtures  of  the  parelBn 
^T^XQcvbons  with  air:  Trans.  Chem.  doc.,  vol.  99, 1911,  pp.  2013, 2030. 
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appreciable  quantity  of  ethane  and  propane.  The  authors  have 
determined  its  explosive  limits  to  be  about  5  per  cent  gas,  low 
limit,  and  about  11.6  per  cent  gas,  high  limit.  The  ''wet"  gases, 
or  those  from  which  gasoline  is  condensed,  contain  a  much 
higher  proportion  of  the  higher  paraffin  hydrocarbons  than  does 
the  natural  gas  of  Pittsburgh,  and  consequently  have  narrower 
explosive  limits.  Their  low  explosive  limits  are  much  lower.  The 
authors  have  made  no  determination  of  the  explosive  limits  of  the 
^^wet"  natural  gases  from  which  gasoline  is  condensed,  but  they  can 
closely  estimate  for  many  "  wet"  gases  that  such  limits  will  range  from 
about  3.5  per  cent  gas,  low  limit,  to  about  9.5  per  cent  gas,  high  limit. 
That  is,  when  some '' wef  natural  gases  are  present  in  the  mixture  of 
the  gas  and  air,  an  explosion  will  occur  between  these  limits,  although 
the  limits  for  different  natural  gases  will  vary  somewhat  from  the 
figures  mentioned. 

It  will  be  observed  then  that  only  a  small  proportion  of  the 
gas  need  be  mixed  with  air  to  form  an  explosive  mixture,  and  that 
great  care  should  be  exercised  to  guard  against  leaks  of  the  gas  in 
plant  buildings. 

EFFECT  OF  LEAKAGE  OF  AIB  INTO  PIPES  AND  CONNECTIONS. 

* 

As  mentioned  before,  at  many  oil  wells  that  are  connected  to  gaso- 
line plants  the  gas  is  drawn  at  reduced  pressures  as  low  as  25  inches 
of  mercury.  Manifestly,  imder  such  low  pressure,  pipe  and  other  con- 
nections must  be  very  tight  in  order  to  avoid  inflow  of  air.  The 
authors  have  found  as  much  as  40  per  cent  of  air  in  the  mixture  drawn 
into  some  compressors.  In  some  instances  the  air  is  drawn  into  the 
rock  strata  through  old  and  abandoned  wells  that  have  not  been  prop- 
erly plugged. 

Introduction  of  air  of  course  cuts  down  gasoline  production  and  may 
lead  the  operator  into  beheving  tliat  the  quality  of  his  gas  as  re- 
gards gasoline  content  is  low.  Residual  gas  may  contain  so  much  air 
as  to  be  objectionable  for  further  use.  A  determination  of  the  oxygen 
in  the  gas  as  it  comes  to  the  plant  would  give  complete  information 
as  to  the  air  content.  The  authors  know  of  few  plants  where  such 
determinations  are  made.  Oxygen  is  not  a  constituent  of  natural  gas 
as  it  occurs  in  the  earth.  Hence,  its  presence  in  a  pipe  line  shows 
inflow  of  air.  Pure  dry  air  contains  20.93  percent  of  oxygen.  Con- 
sequently, if  the  oxygen  content  of  a  gas  is  known,  the  percentage  of 
air  can  readily  be  calculated. 

CHABACTEB  AND  USES  OF  BESIDTTAL  GAS. 

In  some  gasoline  plants  gas  issuing  after  some  of  the  condensate 
has  been  removed  is  sent  to  mains  and  used  for  consmnption  in 
ordinary  ways  or  returned  to  the  leases  to  be  used  for  pumpiog 
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purposes.  In  some  plants  it  is  wasted.  As  far  as  the  quality  of 
moat  of  the  gas  is  concerned^  unless  greatly  contaminated  with  air, 
it  is  superior  to  that  ordinarily  used  in  cities  and  towns.  Originally, 
as  mentioned  heretofore,  it  contains  the  permanent  gases  methane 
and  ethane  that  are  also  contained  in  the  natural  gases  ordinarily 
used  for  supplying  cities.  In  addition  there  are  contained  con- 
siderable quantities  of  the  more  easily  Hquefied  gases  propane  and 
butane,  and  some  gasoline  vapors.  As  the  gas  passes  through  the 
plant  the  gasoline  vapors  are  to  a  large  extent  removed.  Some  of  the 
propane  and  butane  is  liquefied  and  some  of  the  methane  and  ethane 
goes  into  solution.  The  proportions  of  propane,  butane,  methane, 
and  ethane  that  disappear  may  be  small.  The  residual  gas  as  it  leaves 
the  plant  will  contain  ail  of  the  above-named  constituents,  because 
a  complete  removal  of  even  the  gasoline  vapors  is  not  accomplished 
in  plant  practice.  The  results  of  analyses  on  page  61  show  the  com- 
position of  raw  and  natural  gases  before  and  after  passing  through 
the  plant.  The  high  heating  value  of  the  residual  gas  is  apparent, 
being  in  one  instance  almost  twice  as  high  as  the  heating  value 
of  the  natural  gas  of  Pittsburgh  which  has  a  gross  heating  value 
of  1,179  British  thermal  units  per  cubic  foot  at  0^  C.  and  760  mm. 
pressure. 

Frequently  the  quantity  of  gasoline  vapors  in  casing-head  gas  ia  so 
high  as  to  cause  trouble  in  gas-engine  cylinders  from  premature 
ignition.  The  fact  that  casing-head  gases  vary  so  widely  in  composi- 
tion can  not  of  course  be  anticipated  by  engine  builders.  It  is  also 
true  that  casing-head  gases  may  be  unsatisfactory  for  lighting  if 
mantles  are  used  because  the  standard  burner  can  not  be  adjusted 
for  complete  combustion  of  the  gas.  The  result  is  sooty  mantles 
and  imperfect  light.  Removal  of  the  gasoline  vapors  sometimes 
overcomes  this  objection. 

SOLUTION  OF  GAS  IN  CONDENSATES. 

As  previously  stated,  one  of  the  physical  changes  occurring  in  the 
operation  of  a  gasoline  plant  has  to  do  with  the  solution  of  gas  in  the 
condensate,  that  is,  when  the  residual  gas  is  in  contact  with  the 
condensate  in  the  storage  tank.  The  following  experiment  and 
calculation  by  the  authors  will  serve  to  show  how  small  and  insignifi- 
cant this  change  may  be. 

A  residual  gas  from  an  operating  plant  was  shaken  with  refinery 
naphtha.  The  naphtha  had  a  specific  gravity  of  61^  B.  The 
solution  was  effected  at  a  temperature  of  20®  C.  (68®  F.)  and  atmos- 
pheric pressure.  The  naphtha  was  shaken  with  the  gas  supply 
until  no  more  gas  would  go  into  solution.  It  was  found  that  1  liter 
o!  the  naphtha  dissolved  1.760  liters  of  the  gas;  or  600  gallons  of  the 
naphtha  would  have  dissolved  3,331.7  liters  of  the  gas.     If  the 
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assumption  be  made  that  this  residual  gas  was  ethane  only,  th«n  it 
can  be  calculated  that  3,331.7  liters  of  gaseous  ethane  at  16^  C. 
(60®  F.)  and  30  inches  of  merctiry  is  equivalent  to  2.7  gallons  of 
hquid  ethane.  This  quantity  of  liquid  is  so  small  as  to  seem  insig- 
nificant, although  as  regards  raising  the  vapor  pressure  of  the  con- 
densate it  is  important. 


LIFE   OF   WEIiliS   AS   REGARDS   PROFTTABLS   OASOUQ^TE 

EXTRACTION. 

Some  conclusion  regarding  the  length  of  time  that  gasoline  may  be 
profitably  extracted  from  the  natural  gas  of  a  given  well  may  be 
gained  by  referring  to  the  history  of  past  operations.  In  the  East 
gasoline-extraction  plants  have  been  in  operation  for  several  years. 
An  important  factor  is  the  quantity  of  oil  present.  Neither  gas  nor 
oil  wells  are  as  long  lived  in  the  Mid-Continent  as  in  the  Eastern  fields. 
It  would  appear  therefore  that  in  the  Mid-Continent  field,  gasoline 
operations  will  not  have  as  long  Ufe  as  those  in  the  Eastern  fields. 
They  will  probably  last  longer,  however,  than  those  in  the  California 
fields.  Operations  for  the  recovery  of  gasoline  from  casing-head  gas 
in  the  old  Tidioute,  Pa.,  region,  where  profitable  yields  of  gaaoUne 
are  obtained  at  very  low  pressures,  have  continued  for  five  years. 
These  wells  have  been  producing  gas  and  oil  under  vacuum  for  40 
years  prior  to  the  actual  installation  of  gasoline  plants.  The  authors 
have  definite  information  regarding  the  installation  of  a  plant  at 
Parkersburg,  W.  Va.,  that  operates  on  wells  that  have  been  under 
vacuum  for  29  years.  After  two  years'  operation  of  the  gasoline 
plant  the  quantity  of  gas  began  to  decline  rapidly.  General  con- 
clusions can  not,  however,  be  drawn  from  this  plant. 

Around  Sisterville,  W.  Va.,  there  are  probably  more  plants  for  the 
recovery  of  gasoline  from  casing-head  gas  than  at  any  other  place  in 
the  United  States.  Oil  wells  in  that  district  have  operated  under  a 
vacuum  for  15  or  20  years.  Within  the  town  limits  some  wells 
operating  under  a  reduced  pressure  of  24  inches  of  mercury  produce  1 
barrel  of  gasoline  a  day.  The  fact  that  the  engines  use  city  gas, 
there  being  no  residual  gas  left,  shows  the  absence  of  much  permanent 
gas  in  the  wells.  Certain  oil  wells  may  produce  considerable  gas 
when  gasoline  recovery  is  started  but  eventually  the  gas  ceases  to 
flow,  and  a  reduction  of  pressure  withdraws  no  gas  from  the  well 
but  simply  removes  the  gasoline  fractions. 

The  Glenn  pool  in  the  Oklahoma  fields  has,  the  authors  believe, 
already  shown  indications  of  having  a  long  life.  The  application  of 
reduced  pressure  to  the  wells  has  increased  both  the  gasoUne  and  the 
oil  yield. 

The  autkors  can  not  predict  the  life  of  gasoline-plant  operations  in 
general  in  the  Oklahoma  fields.    With  reference  to  the  Glenn  pool 
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fidds,  howeveTy  tbrjr  baUeve  that  it  would  be  cntiiely  safe  to  predict 
a  life  of  pn^table  gasoline  operation  equal  to  that  which  can  be 
realixed  with  the  oil  itself.  There  are  some  other  regions  in  Oklahoma 
that  have  shown  particularly  unreliable  indications  as  to  casing-head 
gas,  there  having  been  a  considerable  volume  of  gas  in  new  wells, 
which  later  dwindled  rapidly.  This  tendency  seems  to  be  common 
with  the  shallow  sands,  a  possible  exception  being  a  pool  known  as 
the  C!hilder's  pool  in  the  Delaware  region.  When  gas  escapes  freely 
from  wdls  that  have  been  producing  oil  for  two  or  three  years,  they 
may  be  expected  to  produce  gas  enough  to  assure  the  return  of  the 
initial  investment  with  profit. 

CONDENSATION  OF  GASOUNE  BY  REFRIGERATION. 
]CBTHO]>S  OF  PLANT  AT  OLINDA,  OAL. 

In  a  plant  at  Olinda,  Cal.,  the  gasoline  is  condensed  by  refrigera- 
tion at  low  temperatures.  Ammonia  is  the  refrigerating  agent  used. 
Plate  rV,  C,  shows  a  general  view  of  this  plant. 

In  a  letter  to  the  authors,  the  president  of  the  company  stated  that 
in  a  day  of  24  hours  300,000  cubic  feet  of  gas  was  used,  from  which 
was  extracted  1,200  gallons  of  condensate. 

Seven  condensing  coils  are  used.  They  are  laid  side  by  side  and 
connected  to  each  other  by  headers.  In  the  first  two  ammonia 
refrigeration  is  not  used.  A  considerable  drop  of  temperature  is 
obtained  in  these  coils,  however,  by  causing  the  gas  to  expand  into 
them.  The  temperature  in  No.  1  and  No.  2  stills  is  approximately 
150**  F.  (66^  C),  in  No.  3  stiU  65^  F.  (18^  C),  in  No.  4  still  50^  F. 
(10^  C),  in  No.  5  still  40^  F.  (4«C.),  in  No.  6  still 30°  F.  (-rC.),and 
in  No.  7  still  14®  F.  (  —  10®  C.)  The  condensate  precipitated  in  the 
No.  1  still  is  said  to  have  a  specific  gravity  of  about  60®  B.,  in  the  No. 
2  still  62®  B.,  in  the  No.  3  still  70®  B.,  in  the  No.  4  still  74®  B.,  in  the 
the  No.  5  still  80®  B.,  in  the  No.  6  still  84®  B.,  and  in  the  No.  7  still 
95®  B.  The  condensates  are  finally  all  mixed  together,  producing  a 
mixture  with  a  specific  gravity  of  80®  B. 

The  company  pays  32  cents  per  pound  for*ammonia.  Approxi- 
mately 400  pounds  was  required  to  charge  the  machine  in  September, 
1913. .  Up  to  March  5,  1914,  the  charge  had  not  been  renewed.  The 
anunonia  is  delivered  to  the  compressor  at  a  pressure  of  approxi- 
mately 15  pounds  per  square  inch,  and  leaves  the  compressor  at  a 
pressure  of  150  pounds. 

DKSGBIFnON    OF    OBJ>ZNABT    AlOCONZA    BEnt^IGBBATINa 


An  ordinary  ammonia  refrigerating  machine  such  as  is  used  for 
cooling  purposes  in  general  consists  essentially  of  three  parts — a 
refiigerator  or  evaporator,  a  compression  pump,  and  a  condenser. 


72  CONDENSATION    OF   GASOLINE   FROM   NATURAL  GAS. 

The  refrigerator,  which  consists  of  a  coil  or  a  series  of  coils,  is  con- 
nected to  the  suction  side  of  the  pump,  and  the  delivery  from  ihe 
pump  is  connected  to  the  condenser,  which  is  generally  of  a  somewhat 
similar  construction  to  the  refrigerator.  The  condenser  and  the 
refrigerator  are  joined  by  a  pipe  in  which  is  a  valve  called  the  regu- 
lator. Outside  the  refrigerating  coils  is  the  air,  bnne,  or  other  sub- 
stance that  is  to  be  cooled  in  the  refrigeration  system;  and  outside 
the  condenser  is  the  cooling  medium,  which  is  water.  The  liquid 
ammonia  passes  from  the  bottom  of  the  condenser  through  the  regu- 
lating valve  into  the  refrigerator  in  a  continuous  stream.  As  the 
pressure  in  the  refrigerator  is  reduced  by  the  pump  and  maintained 
at  such  a  degree  as  to  give  the  desired  boiling  point — ^which  is,  of 
course,  always  lower  than  the  temperature  outside  the  coils — heat 
passes  from  the  substance  outside  through  the  coil  surfaces  and  is 
taken  up  by  the  entering  hquid,  which  is  converted  iato  vapor.  The 
vapors  thus  generated  are  drawn  into  the  pump,  compressed,  and 
discharged  into  the  condenser,  the  temperature  of  which  is  some- 
what above  that  of  the  cooling  water.  Heat  is  transferred  from 
the  compressed  vapor  to  the  cooling  water,  and  the  vapor  is  con- 
verted into  a  hquid  which  collects  at  the  bottom  and  returns  by  the 
regulating  valve  into  the  refrigerator.  The  compresisor  may  be 
driven  by  a  gas  engine  or  in  any  other  convenient  manner.  The 
pressure  in  the  condenser  varies  according  to  the  temperature  of  the 
coohng  water,  and  that  in  the  refrigerator  is  dependent  upon  the 
temperature  to  which  the  outside  substance  is  cooled. 

Anhydrous  ammonia  is  a  gas  at  ordinary  temperatures  and  under 
atmospheric  temperatures.  The  hquid  anhydrous  ammonia  is  com- 
mercially sold  in  iron  drums  in  which  it  is  contained  imder  a  pressure 
varying  between  120  and  200  pounds  per  square  inch,  the  pressure 
in  tile  drum  depending  on  the  temperature  of  the  hquid  in  it. 

Some  idea  of  the  nature  of  the  natural-gas  condensate  obtained 
can  be  had  by  considering  the  hquefaction  points  of  the  constituents 
that  are  found  in  natural  gases  used  for  gasoline  condensation.  The 
boiling  point  of  hquid  propane  is  —45®  C.  (—49°  F.),  and  of  hquid 
butane  1°  C.  (34®  F.). 

The  lowest  temperature  obtained  in  the  refrigerating  coils  of  the 
Olinda  plant  is  —10°  C.  (14°  F.).  Hence  it  can  be  accepted  that 
no  propane  is  hquefled,  but  some  butane  and  higher  paraffins  are. 
The  efficiency  of  the  extraction  of  the  condensible  constituents  from 
the  natural  gas  for  any  given  temperature  will  depend  upon  the 
velocity  of  the  gas  through  the  coils,  or,  what  is  the  same  thing,  the 
area  of  cooling  surface.  Heat  is  of  course  extracted  from  the  natural 
gas  when  it  enters  the  cooling  system.    If  the  cooling  area  of  the 
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pipes  is  not  great  enough,  the  residual  natural  gas  will  leave  the 
system  stiU  containing  gasoline  vapors  that  could  have  been  con- 
densed by  further  cooling  treatment.  By  proper  experimentation 
the  amount  of  cooling  surface  required  to  produce  the  greatest 
quantity  of  salable  condensate  can  be  ascertained.  Presumably  the 
operators  of  the  Olinda  plant  have  made  such  a  determination.  The 
authors  are  not  closely  acquainted  with  its  operations.  They  believe 
that  the  refrigeration  method  offers  much  promise  and  that  more 
plants  of  this  type  will  be  installed. 

In  the  United  States  at  least  85  per  cent  of  the  refrigeration  plants 
used  for  various  purposes  use  anunonia  as  the  refrigerant.  Other 
refrigerants  that  may  be  used  are  sulphur  dioxide,  carbon  dioxide, 
and  water  vapor. 

TRANSPORTATION  OF  NATURAL.-GA8  GASOLINE. 

After  the  production  of  gasoline  from  natural  gas  became  a  com- 
mercial success,  the  matter  of  the  best  methods  of  transporting  it 
became  important.  Some  of  the  product  when  first  drawn  from  the 
storage  tanks  .may  have  a  specific,  gravity  as  high  as  100^  B.  Some 
condensates  are  even  lighter  than  this.  The  exact  nature  of  the 
product  was  not  clearly  understood  during  the  inception  of  the 
industry,  and  in  transporting  it  pressures  developed  in  the  containers 
great  enough  to  burst  some  of  them.  Several  serious  accidents 
occurred.  It  was  quickly  recognized  that  the  material  as  freshly 
drawn  was  not  suitable  for  transportation  in  containers  such  as  were 
used  for  handling  ordinary  gasoline.  Weathering  the  condensate 
and  blending  it  with  refinery  naphtha  so  that  a  Uquid  was  obtain- 
able that  upon  evaporation  would  not  develop  excessive  pressures 
overcame  the  difficulty.  However,  compulsory  rules  for  its  trans- 
portation that  could  be  met  by  the  producers  were  recognized  as 
necessary.'  Consequently  B.  W.  Dunn,  Chief  of  the  Bureau  for  the 
Safe  Transportation  of  Explosives,  called  a  meeting  of  producers  at 
Pittsburgh,  Pa.,  on  May  26,  1911.  Reconunendations  were  adopted 
indicating  the  method  of  shipping  the  condensate  pending  the 
drafting  of  final  regulations. 

Col.  Dunn  recommended  that  the  producers  determine  the  vapor 
pressure  of  their  product  at  100**  F.  (38®  C),  and  sent  inspectors  to 
those  producers  who  used  tank  cars  in  shipping  their  product.  A 
tentative  maximum  vapor  pressure  was  set  at  10  pounds  per  square 
inch  for  a  temperature  of  100''  F.  (38®  C). 

Tank  cars  differed  widely  in  their  construction  and  many  were  not 
suitable  for  carrying  a  highly  vplatile  liquid.  Consequently,  it  was 
reconmiended  that  only  standard  tank  cars  should  be  employed. 
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BXTIiBS  OF  TSB  DVTBS8TATB  QOXMXBjOE  CXHOOSSIOK. 

The  final  rules  of  the  Interstate  Commerce  Commission  regaxding 
the  shipment  of  natural-gas  gasoline  are  presented  below. 

BSOVLATIOHB  rOK  TBS  TRABSPOBTATIOV  OV  RAILKOADS  OF  VATtmaZFOAa 

OAsoun.* 

Liquefied  petroleum  gas  is  a  condenaate  from  the  ''caaing^^head  gas''  of  petroleum 
oil  wellfi,  whose  vapor  tension  at  lOO"*  F.  (SS"*  C.)  (W  F.— ^"^  C— November  1  to 
March  1)  exceeds  10  pounds  per  square  inch.  Liquefied  petioleum  gas  must  be 
shipped  in  metal  drums  or  barrels  which  comply  with  '^  Shipping-Container  Spedfi- 
catioDs  No.  5/'  or  in  tank  cars  especially  constructed  and  approved  for  this  service 
by  the  Master  Gar  Builders'  Association. 

When  the  vapor  tension  at  100^  F.  (38^  0.)  exceeds  25  pounds  per  square  inch, 
cylinders  as  prescribed  for  compressed  gas  must  be  used. 

(The  commission  has  not  deemed  it  beet  at  this  time  to  prohibit  the  use  of  good 
wooden  barrels  in  shipping  infiammable  liquids  with  a  flash  point  below  20^  F. 
(-.70  0.).  It  is,  however,  expected  that  their  use  for  that  puipoee  will  be  gradually 
discontinued  and  that  within  a  reasonable  time  metal  barrels  will  come  into  general 
use  for  such  shipments.) 

Packages  containing  infiammable  liquids  must  not  be  entirely  filled.  SuiBcieiit 
interior  space  must  be  left  vacant  to  prevent  distortion  by  containers  when  heated 
to  a  temperature  of  120°  F.  (49°  C).  This  vacant  space  must  not  be  less  than  2  per 
cent  of  the  capacity  of  the  container,  including  the  dome  capacity  6t  tank  cars. 

1.  The  provisions  of  'VShipping-Container  Specifications  No.  5**  apply  to  all  con- 
taiuers  BX)ecified  therein  that  are  purchased  after  December  31,  1911,  and  used  for 
the  shipment  of  dangerous  articles  other  than  explosiveB.  Each  such  container  pur- 
chased subsequently  to  December  31,  1911,  shall  have  plainly  stamped  tho^on  the 
date  of  manufacture  thereof. 

2.  An  iron  or  steel  barrel  or  drum  with  a  capacity  of  from  50  to  55  gallons  must  have 
a  minimum  weight  in  the  black,  exclusive  of  the  weight  of  rolling  hoops,  of  70  pounds, 
and  the  minimum  thickness  of  metal  in  any  part  of  the  completed  barrel  must  not 
be  less  than  that  of  No.  16  gage  United  States  standard. 

3.  An  iron  or  steel  barrel  or  drum  with  a  capacity  of  from  100  to  110  gallons  must 
have  a  minimuni  weight  in  the  black,  exclusive  of  the  rolling  hoops,  of  not  less  than 
130  pounds,  and  the  minimum  thickness  of  metal  in  any  part  of  the  completed  barrel 
or  drum  must  not  be  less  than  that  of  full  No.  14  gage  United  States  standard. 

4.  Each  barrel  or  drum  must  staud  without  leaking  a  manufacturers'  test  under 
water  by  interior  compressed  air  at  a  pressure  of  not  Ices  than  15  pounds  per  square 
inch  sustained  for  not  less  than  two  minutes,  and  the  type  of  barrel  or  drum  must 
be  capable  of  standing  without  any  serious  permanent  deformation  and  without 
leaking  a  hydrostatic  test  pressure  of  not  less  than  40  pounds  per  square  inch,  sus- 
tained for  not  less  than  five  minutes. 

5.  When  filled  with  water  to  98  per  cent  of  its  capacity,  the  type  of  barrel  or  drum 
must  also  be  capable  of  standing  without  leakage  a  test  drop  on  its  chime  for  a  height 
of  4  feet  upon  a  solid  concrete  foundation. 

6.  Bimgs  and  other  openings  must  be  provided  with  secure  closing  devices  that 
will  not  permit  leakage  through  them.  Threaded  metal  plugs  must  be  close  fitting. 
Gaskets  must  be  made  of  lead,  leather,  or  other  suitable  material.  Wooden  plugs 
must  be  covered  with  a  suitable  coating  and  must  have  a  driving  fit  into  a  tapered 
hole. 


a  From  "Regulations  of  the  Interstate  Commeroe  CommJsslon  for  the  Transportation  of  Explosives 
and  Other  Dangerous  Articles  by  Freight  and  by  Express,  and  Bpecifloatkins  for  Shipping  Contafaiers," 
published  by  the  Bureau  for  the  Safe  Transportation  of  Explosives  and  Other  Dangerous  Articles,  in 
January,  1012,  pp.  72, 143, 144,  and  145.    Efltetiye  Mar.  31, 1912. 
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7.  The  method  of  mannfacturing  the  barrel  or  drum  aad  the  materials  used  must 
be  well  adapted  to  produciiig  a  uniform  product.  Leaks  in  a  new  barrel  or  drum 
most  not  be  stepped  by  soldering,  but  must  be  repairsd  by  the  method  used  in  con- 
BbnKHag  the  barrel  or  drum. 

BliENBINa  GASOLINE  WITH  NAPHTHA. 

In  the  foregoiiig  pages  the  word  ^'gasoline"  has  been  loosely  ap- 
plied by  the  authors  to  mean  the  liquid  obtained  from  natural  gas 
subjected  to  treatment.  The  term  has  been  retained  because  it  has 
become  a  trade  name.  The  term  ''condensate''  would  be  more  suit- 
able, because  the  liquid  first  obtained  is  usually  so  volatile  that  it 
comes  quite  outside  the  meaning  that  is  usually  appUed  to  the 
term  gasoline.  The  refinery  gasoline  as  prepared  for  the  trade 
is  not  a  definite  compound,  nor  is  the  natural-gas  condensate,  as  it  is 
collected  in  storage  tanks  before  it  is  prepared  for  market.  After 
this  preparation,  if  properly  done,  natural-gas  condensate  comes 
under  the  same  category  as  refinery  gasoline. 

At  present  practically  all  natxu^l-gas  condensate  is  mixed  with 
lower  grade  refinery  naphthas.  This  process  constitutes  the  so- 
called  blending.  In  the  early  days  of  the  industry  the  handling  of 
the  natural-gas  condensate  involved  its  weathering  or  the  evapora- 
tion of  its  light  constituents  until  a  product  was  obtained  that  could  be 
used  as  refinery  gasoline  is  ordinarily  used  and  could  be  safely  trans- 
ported under  rules  promulgated  by  the  Bureau  for  the  Safe  Trans- 
portation of  Explosives.  By  the  process  of  ''weathering"  a  loss  of 
material  as  much  as  60  or  70  per  cent  of  the  total  quantity  frequently 
occurred.  Sometimes  the  loss  was  even  greater.  By  the  process  of 
blending  a  product  is  obtained  that  has  a  slower  rate  of  evaporation 
than  the  natural-gas  condensate  used  in  making  the  blend. 

OOmCBBOIAL    NAJCX8    OF    BISTTLLATIOK    PBODTTCTS    FROM 

OBTTPB  OIL. 

Below  is  presented  a  table  showing  the  conunercial  names  of  dif- 
ferent grades  of  naphthas,  gasolines,  kerosenes,  etc.,  their  gravities, 
boiling  points,  and  the  chemical  names  of  the  constituents  that  com- 
prise them: 

IkUa  regarding  (HtiiUation  producU'of  crude  oil. 


Name  of  product. 

Oravlty. 

Boiling 
point. 

• 

m 

Constituents. 

QnaMOW...! 

•B. 

108 

93-04 

8&-»4 

58 

•c. 

0 

18 

70-90 

90-120 

UO-169 

Chiefly  bntanes. 

i^lilnlnM 

Chiefly  butanes  and  pentanes. 
Chiefly  pentanes  ana  hexanes. 
Chiefly  nexanes,  heptanes,  and  octanes. 

Petndaani  ettifr 

N^vhtilMi 

B4BlilM^ux..    ., 

Chiefly  octanes  and  nonanes. 

48 

YiM»Hnn 
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DIBOUS6ION  or  THE  FBODUCTS. 

According  to  this  table,  any  condensate  having  a  gravity  of  94^ 
to  108^  B.  will  contain  a  large  proportion  of  pentane  and  butane. 
Probably  most  of  the  condensate  having  a  gravity  of  108^  B.  will  be 
butane  and  most  of  that  having  a  gravity  of  94°  B.  will  be  pentane, 
although  a  certain  proportion  of  each  will  consist  of  the  heavier  con- 
stituents, among  which  will  be  those  of  ordinary  gasoline.  Butane 
and  pentane  have  boiling  points  of  O**  C.  (32°  F.)  and  36°  C.  (97°  F.), 
respectively.  These  temperatures  (especially  that  of  butane)  are 
below  ordinary  atmospheric  temperature;  hence  a  rapid  loss  of  these 
constituents  in  a  natural-gas  condensate  will  occur  when  the  con- 
densate is  exposed  to  the  air. 

Rhigolene,  it  will  be  noticed,  consists  chiefly  of  butane  and  pen- 
tane. The  boiling  point  of  rhigolene  is  given  as  18°  C.  (64°  F.). 
This  boiling  temperature  is  midway  between  that  of  butane  and 
pentane.  Most  natural-gas  condensates  have  a  gravity  of  80°  to 
94°  B.  Such  a  mixture  is  classified  as  petroleum  ether  in  the  above 
scale.  This  scale  has  reference  to  refinery  products.  Such  ntiixtures 
are  of  a  more  uniform  composition  than  natural-gas  condensates 
that  are  freshly  drawn  from  accumulator  tanks,  whereas  petroleum 
ether  may  be  a  mixture  that  contains  chiefly  pentane  and  hexane 
and  will  not  boil  when  freshly  prepared,  yet  natural-gas  conden- 
sates, especially  those  of  the  higher  gravity,  may  boil  violently.  The 
ebuUition  is  probably  due  chiefly  to  the  escape  of  butane  and  some 
propane.  In  the  natural-gas  condensate  there  will  be  more  of  these 
constituents  and  less  of  the  pentane  and  hexane.  There  will  also 
be  some  of  the  still  higher  Uquid  paraflSns  and  some  of  the  dissolved 
gases  methane  and  ethane.  The  above  table,  as  far  as  the  inter- 
mediate members  are  concerned,  can  scarcely  be  applied  to  natural- 
gas  condensates,  because  the  latter  are  of  a  more  complex  composi- 
tion. It  is  inserted  here  only  because  its  use  brings  out  several 
instructive  points.  Probably  the  above  classification  is  little  used 
in  the  trade.  Different  trade  names  for  practically  the  same  dis- 
tillates from  petroleum  are  used  by  different  refiners. 

BVAPOBATION  LOSSES  IN  BLBNDZNO. 

The  following  tables  (Tables  6  to  9)  show  the  results  of  some 
blending  tests  made  by  the  author^.  The  condensate  as  it  was  drawn 
from  the  storage  tank  was  allowed  to  stand  in  graduated  vessels, 
and  the  loss  sustained  by  evaporation  over  different  periods  of  time 
was  noted.  The  containers  were  graduated  glass  cylinders  having  a 
capacity  of  1,000  c.  c.  Their  inside  diameter  was  2f  inches  and  they 
were  13  inches  high.  Some  of  the  same  condensate,  as  it  was  drawn 
from  the  storage  tanks,  was  also  mixed  with  naphtha  and  allowed  to 
stand  and  the  loss  noted. 
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Table  6. — Evaporation  lo9se$^  of  natwral-ga»  oondenMtefrxym  plant  A  when  allowed  to 

stand  exposed  to  the  air. 


Grav- 
ity of 
gaeo- 
Une. 

Temper- 

Tern- 

End  of  1  hour. 

End  Of  2 
hours. 

End  of  3 
houn. 

End  of  18 
hours. 

End  of  24 
hours. 

• 

Twt 
No. 

ature  of 
gasoline 
at  start. 

perar 
tiireof 
outside 

air. 

Loss. 

Spe- 
cific 

Tem- 
ture. 

Loss. 

Spe- 
cific 

Loss. 

Spe- 
cmc 
grav- 
ity. 

Loss. 

Spe- 
cific 
grav- 
ity. 

Loss. 

Sue- 
cine 
grav- 
ity. 

1 

•B. 
82.5 
88.0 
88.5 
94.0 
95.0 
96.0 
100.0 

30 

8 

•a 

-  6.7 
-13 

•F. 
60 

•  C. 

16 

P.d. 
4.5 

•B. 
81 

•F. 
50 

•  a 

10 

P.d. 

8.^ 

•B. 
80.0 

P.ct. 
9.5 

•B. 

80.0 

P.ct. 
18.0 
25.0 
25.0 

•B. 
78.0 
82.0 
82.0 

P.ct. 

•B. 

2 

3 

60 
60 
54 
55 
55 

16 
16 
12 
13 
13 

8.0 
12.0 
10.0 
24.0 

88 
90 
92 

92 

54 

38 

12 
3 

10.0 
22.0 

87.5 
89.5 

13.0 
26.0 
40.0 

87.0 
88.5 
88.0 

4 

0 

0 

5 

10 

-18 
-18 
-15 
-12 

5 

53.0 
50.0 

84.5 

6 

30 
25 

1 
-4 

33.0 

91.0 

• 

84.0 

I* 
1 

54.0 

89.5 

o  Computed  fhim  original  vohime  of  ecndensate. 

Tablb  7. — Evaporation  losses  of  naiural-^as  condensate  from  plants  B  and  C  when 

allowed  to  stand  exposed  to  the  air. 

PLANT  B. 


Bpedflc 
gravity 

^*^-,^^  ^9 

End  of  24  hours. 

Test  No. 

1  empbs  Akux  V 
of  gasoline. 

i  empevaMUQ  ui 
outside  air. 

I/)eR. 

Spedflc 
gravity. 

1 

•B. 
69 

88 

40 
30 

•  C. 
4 
-1 

•  F. 
50 
50 

•  c. 

10 
10 

P.et. 

8 
25 

•B. 
69 

2 

87 

PLANT  C. 


Specific 
gravity 

n^AWl  VW 

■■—«  -f  ■iwirt 

End  of  10  hours. 

Test  No. 

of  gasoline. 

Loss. 

Specific 
gravity. 

1 

•B. 
75.5 

•  F. 

30 

•  C. 
-  1 

P.<A. 
6.5 

•B. 

73.5 

Table  8. — Evaporation  losses  of  natural-gas  condensate  from  plant  A  mixed  with  refinery 

naphtha. 


Proportions 
in  mixture. 

Specific 
gravity  of— 

Specific    gravity  of 
mixture. 

1 

o 

• 

End  of  5 
hours. 

End  of  IS 
hours. 

End  of  24 
hours. 

Test  No. 

• 

• 

« 

1 

• 

1 

■ 

1 

1^ 

• 

• 

• 

i-i 

00 

1.-.. 

p.et. 
70 
50 
70 
73 
70 
50 
70 
80 

P.ct, 
30 
50 
30 
27 
30 
50 
30 
20 

•B. 

87 
92 
94 
93 
96 
94 
92 
93 

•B. 

67 
67 
67 
57 
67 
48 
48 
48 

•B. 

77 
73 
81 
&3 
81 
77 
74 
83 

'  F. 

•  c. 

P.et. 

•B 

p:et. 

•B. 

P.ct. 
25 
62 
36 
44 
62 

•B. 
70 

2 

66 

3 

27 
22 

75 

72 

4 

10 

-12 

5 

71 

« 

64.0 

55 

7 

2S 

69 

43 

66 

* 

15 

-  9 

32 

73 
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Thaphthas. 


6 


1.. 
2.. 
8a. 


Proportions 
inmlxtare. 


I 


P,eL 
50 
70 
70 
50 


I 


P.  a. 

50 
30 
80 
50 


Spedflo 
gravity  of- 


•B. 
« 
93 

.•5 
96 


t 


•J?. 
60 
44 
44 
44 


I 


•B. 

7B.5 
76 
74.5 
67 


End  oil  hour. 


•B. 
76 

76.5 
74 
66.5 


5 


Paret. 

4 

6 

18 

8 


Endofahoan. 


•B. 

75 

74.5 

72.6 

66 


i 


Peret. 
10 
14 
20 
16 


BndofShoon. 


75 
78.6 
72 
64 


J 


Peret. 
12 
20 
26 
20 


£ndof4tHrJn. 


•B. 

74 
72.6 
71.6 
64 


I 


Per  a. 
16 
24 
29 
22 


o 


1.... 
2..., 

4«... 


PropurUoDs 
inmixtun. 


P,ct. 
50 
70 
70 
50 


% 


P.CL 
50 
30 
80 
50 


Specific 
gmvlty^of- 


I 


•B. 
93 
03 
96 

95 


•B. 
60 
44 
44 
44 


I 

I 

O 

IS 

I 


•B. 

76.5 
76 
74.5 
67 


End  of  6 
hoon. 


•S. 

74 
71.6 
71 
68 


P.ct. 
18 
29 
30 
25 


End  of  6 
boon. 


I 

o 


00 


*B. 
78 
71 
60 
62 


5 


P.et, 
22 
30 
34 
30 


Bndof7 
hmira. 


•B. 
70l5 


6S.5 
61 


« 


P.CL 
31 


87 
36 


End  of  24 
houn. 


I 

I 


•B, 

67 


65 
56 


5 


P.cf. 
43 


50 
54 


65  to  70 


60  to  70 
60  to  70 


18  to' 21 


16U>21 
16  to  21 


a  In  oondnctlng  this  test  the  mixture  was  exposed  to  the  atmosphere  to  a  greater  extent  than  In  tests 
1  and  2.  It  was  poured  firom  one  vessel  to  anotner  eight  times,  thus  exposing  more  liquid  sorfttco  to  the 
atmoei^ere  and  causinc  more  rapid  evaporation  than  would  have  oocuired  if  Itnad  been  allowed  to  remain 
In  the  same  vessel  all  toe  time  without  disturbance. 


REMARKS  ON  TABULATED  DATA. 

As  regards  the  results  shown  in  Table  6,  the  condensate  was  exposed 
to  the  air  in  the  graduated  glass  cylinders  already  mentioned. 

The  pressure  exerted  on  the  natural  gas  in  making  the  condensate 
varied  between  140  and  200  pounds  per  square  inch.  The  storage 
tank  was  so  arranged  that  after  each  test  the  entire  volume  of  con- 
densate could  not  be  removed  in  order  to  provide  an  empty  tank  for  a 
succeeding  test.  Hence,  the  condensate  from  one  test  was  always 
mixed  with  some  condensate  from  a  preceding  test.  For  this  reason 
the  exact  pressure  that  was  exerted  on  the  gas  for  any  particular  test 
is  not  recorded  here.  A  gas  meter  was  not  connected  to  the  "  plant/* 
so  that  the  quantity  of  gas  used  in  making  the  condensate  could  not 
be  measured. 

It  will  be  observed  that  as  the  gravity  of  the  condensates  increased 
the  losses  by  evaporation  also  increased;  ranging  from  4.5  per  cent 
to  24  per  cent  at  the  end  of  one  hour,  from  8.5  to  33  per  cent  at  the 
end  of  two  hours,  from  9.5  to  40  per  cent  at  the  end  of  three  hours, 
and  as  much  as  53  and  54  per  cent  at  the  end  of  24  hours  and  18  hours. 

The  condensate  used  in  test  1  started  to  boil  slightly  when  first 
drawn  from  the  storage  tank  and  continued  to  jdo  so  for  two  hours. 
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Tbis  boiling  was  probably  due  mainly  to  the  liquid  butane  present 
in  the  mixture  changing  to  the  gaseous  condition.  Butane  boils  at 
1^  C.  (34^  F.)y  and  when  exposed  to  the  temperature  of  this  particular 
condensate,  which  was  20**  F.  ( —  7°  C),  the  liquid  of  course  changed 
to  the  gaseous  condition.  A  small  part  of  the  gaseous  butane 
remained  dissolved  in  the  condensate,  but  the  proportion  that  could 
not  be  held  in  solution  escaped. 

Tlie  condensate  used  in  test  3  lost  8  per  cent  by  evaporation  during 
the  first  hour  and  13  per  cent  at  the  end  of  three  hours;  at  the 
end  of  18  hours  25  per  cent  of  the  original  mixture  had  evaporated. 
The  original  condensate  must  have  contained  considerable  quantities 
of  butane  and  pentane  to  account  for  such  a  loss.  Most  of  the  butane 
was  probably  eliminated  during  the  first  two  hours,  and  then  a 
much  slower  evaporation  of  the  other  constituents,  principally 
pentane,  followed. 

The  condensate  used  in  test  7  was  a  very  volatile  product,  being 
nearly  the  lightest  gasoline  obtained  in  the  plant  operation. 

The  results  mentioned  above  are  present'Cd  to  show  actual  losses 
sustained  at  the  particular  plants  where  the  tests  were  conducted 
under  certain  conditions  -  that  is,  exposure  of  the  condensates  to 
atmospheric  pressure  and  temperatures  in  certain  forms  of  containers. 

The  total  loss  through  evaporation  was  not  exactly  determined. 
This  total  loss  includes  the  losses  shown  in  the  above  tables  plus  that 
sustained  when  the  condensate  was  removed  from  the  storage  tank. 
As  soon  as  the  valve  on  the  storage  tank  was  opened  and  the  conden- 
sate came  in  contact  with  the  outside  air  in  flowing  to  the  graduated 
vessel  provided  to  catch  it,  the  evaporation  commenced;  hence  some 
loss  of  liquid  occurred  before  the  condensate  could  be  measured  in  the 
vessel  provided  to  receive  it.  The  storage  tank  was  provided  with  a 
^ass  gage  which  showed  the  height  of  the  liquid  therein.  As  the 
liquid  was  drawn  from  the  tank  its  level,  of  course,  fell  in  the  gage. 
By  noting  this  level  before  and  after  some  of  the  liquid  from  the  tank 
had  been  drawn  into  the  graduated  glass  vessel,  the  loss  of  liquid  oc- 
curring could  be  approximately  determined.  The  loss  amounted  to 
about  10  per  cent,  and  was  of  course  due  principally  to  the  volatiliza- 
tion of  the  liquid  gases.  This  loss  is  to  be  added  to  the  losses  shown 
in  the  preceding  table  in  order  to  get  the  total  loss. 

In  Tables  7  and  8  are  shown  the  evaporation  losses  that  resulted 
when  freshly  drawn  condensate  from  plants  B  and  C  were  allowed  to 
stand  exposed  to  the  atmosphere  for  10  and  24  hours.  The  losses 
shown  are  much  smaller  than  those  from  plant  A.  This  result  is  to 
be  expected,  because  more  of  the  heavier  paraffin  hydrocarbons  were 
contained  in  the  condensates.  The  temperatures  of  the  freshly  drawn 
condensates  were  also  higher  than  the  temperature  of  the  condensate 
obtained  at  plant  A.  Hence  the  constituents  present  in  the  con- 
densate had  higher  boiling  points  and  evaporated  more  slowly. 
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The  condensate  represented  by  test  2  (Table  7)  was  obtained  when 
the  pressiure  on  the  natural  gas  was  210  pounds  per  square  mch.  The 
liquid  did  not  boil  when  withdrawn  from  the  tank,  although  a  bubble 
of  gas  would  occasionally  issue  during  the  first  hour  of  exposure. 
Hence  the  condensate  probably  contained  only  a  small  quantity  of 
liquid  butane.  Likewise  the  proportion  of  pentane  must  have  been 
smaller  than  in  the  condensates  obtained  from  plant  A. 

The  condensates  represented  in  Tables  7  and  8  were  obtained  from 
different  plants  than  those  represented  in  Table  6.  The  pressures 
employed  were  practically  the  same,  yet  the  character  of  the  con- 
densates differed.  For  instance,  all  of  the  condensates  obtained  in 
the  tests  conducted  at  plant  A  would  boil  more  or  less  at  first,  owing 
to  escaping  gas.  Those  obtained  at  plants  B  and  C  bubbled  only  a 
little.  This  difference  was  largely  due  to  differences  in  the  composi- 
tion of  the  natural  gases  used  at  the  plants. 

In  Table  9  are  shown  the  results  of  blending  natural-^as  condensate 
(specific  grarity  48^  B.)  from  plant  A  (Table  1)  with  naphtha  having 
a  specific  gravity  of  57°  B.  The  percentages  of  losses  are  calculated 
to  percentage  losses  of  the  natural-gas  condensate  and  not  of  the 
mixture. 

The  conditions  imder  which  these  tests  were  conducted  would  not 
warrant  definite  conclusions  regarding  the  decrease  of  evaporation 
rate  to  be  effected  by  blending.  However,  the  losses  after  blending 
were  still  large. 

If  the  evaporation  loss  were  to  be  calculated  to  the  percentage  loss 
of  the  mixture  of  condensate  and  naphtha  the  percentage  of  losses 
on  the  blends  would  be  much  reduced,  but  the  figures  so  obtained 
would  not  show  the  true  loss  of  condensate.  Some  experimenters 
have  probably  done  this  and  misled  themselves  into  believing  that 
the  percentage  so  calculated  represented  the  actual  loss  of  condensate. 
The  authors  calculated  the  blending  losses  by  throwing  the  loss  wholly 
on  the  condensate.  They  determined  by  experiment  that  the  evapo- 
ration loss  of  the  refinery  naphtha  used  in  making  the  blends  Wta  so 
small  as  to  be  inappreciable  as  compared  to  condensate  losses. 

RESULTS  OP  EVAPORATION  TESTS   IN   WEST  VIRGINIA. 

Table  10,  following,  shows  the  evaporation  losses  when  natural-gas 
condensates  from  a  different  plant  than  those  mentioned  previously 
had  been  exposed  to  the  atmosphere.  The  evaporation  losses  shown 
in  the  preceding  tables  occurred  at  plants  along  the  AU^heny  River 
near  the  New  York  State  line.  The  tests  represented  in  the  table 
following  were  made  at  a  plant  in  West  Virginia.  Plant  operations 
were  so  conducted  as  regards  pressures  that  condensates  of  different 
specific  gravities  were  obtained.  The  condensates  were  allowed  to 
evaporate  in  graduated  glass  cylinders  of  the  same  form  as  those  used 
in  the  tests  covered  by  Tables  6  to  9. 
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Tablb  10. — Evaporation  hiteg  ofoonden$aU9fnm  the  iome  plant,  but  of  different  specific 
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Table  1 1 ,  following,  shows  results  obtained  when  mixtures  of  natural- 
gas  condensate  and  refinery  naphtha  were  exposed  to  the  air  and 
allowed  to  evaporate.  The  tests  were  made  at  the  same  plant  as  the 
tests  covered  by  Table  10,  and  with  the  same  condensates. 

Tablb  11. — Evaporation  losses  of  mixtures  of  natural-gas  condensates  and  refinery 

naphthas. 
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a  T«8t  conducted  in  a  shallow  pan,  8  tnohfls  in  diameter  and  1  inch  deep. 
DISCUSSION   OF   RESULTS   SHOWN   IN   TABLES   8  TO   11. 

As  shown  in  Table  10  the  losses  when  condensates  of  gravities 
between  79°  and  98°  B.  were  exposed  to  the  atmosphere  were  as 
follows:  One  hour,  0  to  19  per  cent;  2  horns,  0  to  26  per  cent;  3  hours, 
1  to  34  per  cent;  4  hours,  2  to  38  per  cent;  5  hours,  2  to  42  per  cent; 
6  hours,  3  to  45  per  cent;  7  hours,  4  to  48  per  cent;  8  hours,  4  to  46 
per  cent;  and  for  24  hours,  10  to  65  per  cent.  At  the  end  of  24  hours 
the  temperatures  of  the  condensates  were  practically  the  same  as 
the  temperature  of  the  atmosphere. 

If  tests  1  and  2,  Table  10,  be  excepted,  the  largest  losses  occurred 
during  the  first  hour  and  the  rate  of  evaporation  gradually  decreased. 
This  is  to  be  expected.  Most  of  the  material  that  first  evaporated 
was  liquid  butane.  Liquid  butane  boils  at  1°  C.  (34°  F.);  hence  it 
would  evaporate  rapidly.  The  rate  of  evaporation  of  the  pentanes 
and  hexanes  is,  of  course,  much  slower.  The  curves  shown  elsewhere 
clearly  illustrate  these  points. 

Table  11  shows  the  evaporation  losses  when  the  natural-gas 
condensates  were  mixed  with  refinery  naphthas  and  allowed  to 
evaporate.  The  rate  of  evaporation  for  tests  1  and  2  (Table  11) 
are  almost  the  same,  but  slightly  slower  than  of  test  9  (Table  10), 
which  represents  the  evaporation  loss  when  the  condensate  alone 
was  allowed  to  evaporate.  The  difference  is  especially  noticeable 
at  the  end  of  the  second  hour,  being  19  per  cent  as  against  12  and  13 
per  cent.  The  rates  are  not  widely  different  for  the  remaining 
period,  but  still  noticeable.    Tests  3,  4,  5,  7,  and  9,   Table   11, 
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may  be  compared  to  tests  4,  5,  6,  7,  and  8,  Table  10.  In  the  former 
when  condensates  alone  were  allowed  to  evaporate  the  losses  for  the 
first  hour  ranged  from  13  to  19  per  cent.  When  condensates  of 
approximately  the  same  specific  gravity  were  mixed  with  naphtha 
and  allowed  to  evaporate,  the  losses  for  the  first  hour  ranged  from 
4  to  14  per  cent. 

DI7FBRBNCS  IN   BVAPOBATION   KATBfi   Or  MIXTURES. 

The  difference  in  the  evaporation  rates,  shown  for  the  mixtures, 
is  marked  all  through  the  tests.  The  following  tabulation  clearly 
brings  out  this  variation: 

Evaporation  losses  of  condensates  and  *^hlends"  for  periods  ranging  from  1  to  t4  hours. 
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a  Spedflc  gravities,  94*  to  96*  B. 

In  the  tests  represented  in  the  foregoing  table  for  all  of  the  "blends,  *' 
condensates  with  specific  gravities  of  94*^  to  98®  B.  were  used.  How- 
ever, Table  11  shows  that  in  preparing  the  "blends,"  different 
amoimts  of  the  condensate  were  used  for  different  tests.  In  some 
of  the  tests  the  " blends''  were  prepared  by  mixing  the  condensates 
and  naphtha  in  equal  proportions.  In  others,  the  proportions  were 
70  per  cent  of  condensate  and  30  per  cent  of  naphtha;  in  others, 
60  and  40.  Table  11  shows  that  the  evaporation  rates  were  slower 
when  the  smaller  quantities  of  condensate  were  used,  as  was  to  be 
expected. 

COMPASATiyB   BVAFOaATION   LOB8B8  OF  MIXTUBBS  AND  CONDBN8ATB8. 

Table  12  shows  the  evaporation  losses  when  the  condensates  alone 
were  exposed  to  the  atmo^here  and  when  the  condensates  were 
mixed  in  various  proportions  with  the  naphtha.  This  table  was 
compiled  from  the  results  of  tests  1,  2,  3,  4,  5,  9,  10,  and  12,  Table  11, 
and  tests  3,  4,  5,  7,  8,  and  9,  Table  10. 
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Table  12. — Comparative  evavoration  losses  of  blends  prepared  by  mixing  different 
portions  of  conaensaU  and  naphtha  and  of  condensate  alone. 
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The  slower  rates  of  evaporation  of  the  mixtures  of  condensates  and 
naphtha  as  compared  to  those  of  the  condensates  alone  follow  from 
the  fact  that  if  two  liquids  dissolve  each  other  in  all  proportions, 
and  if  they  have  widely  different  vapor  pressures  and  boiling 
points,  the  vapor  pressure  of  the  mixture  frequently  falls  between 
the  vapor  pressures  of  the  components,  and  the  boiling  point  of  the 
mixture  falls  between  the  boiling  points  of  the  components.  The 
more  volatile  liquid  evaporates  principally,  at  first,  during  the  dis- 
tillation, the  less  volatile  liquid  remaining  behind,  so  that  by  a 
repetition  of  the  process  the  two  may  be  more  or  less  completely 
separated.  As  evaporation  continues  a  mixture  is  finally  Mt  that 
contains  components  whose  boiling  poiats  and  vapor  pressures  lie 
near  together. 

FACTORS  AFFECTTNO  RATE   OF  EVAPORATION. 

Attention  should  be  called  to  the  higher  evaporation  rates  of 
tests  3  and  4;  Table  9,  as  compared  to  tests  1  and  2,  Table  9.  Tests 
3  and  4  were  conducted  in  shallow  pans,  whereas  tests  1  and  2  were 
conducted  in  tall  narrow  cylinders.  For  a  given  temperature,^  other 
things  being  equal,  tho  rate  of  evaporation  is  almost  proportional 
to  the  area  of  the  surface  of  the  Uquid. 

In  actual  operation  different  evaporation  losses  will  be  sustained 
than  those  mentioned  above,  depending  upon  the  shape  of  the  con- 
tainer that  is  used  for  holding  the  liquid  when  the  latter  is  exposed  to 
the  air.  If  the  mixture  be  placed  in  a  drum  such  as  is  ordinarily  used 
for  transporting  natural-gas  gasoline,  and  the  bunghole  left  open 
there  will  occur  a  much  slower  rate  of  evaporation  than  if  the  entire 
surface  of  the  liquid  be  exposed  to  the  air  by  means  of  an  opening, 
say,  as  large  as  the  area  of  the  liquid. 
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In  the  former  case  the  rate  of  evaporation  will  approach  evaporar 
tion  conditions  in  a  closed  space.  In  a  closed  chamber  evaporation 
will  take  place  more  or  less  rapidly  at  first.  After  some  time,  how- 
ever, the  space  above  the  liquid  will  become  partly  filled  with  stray 
molecules  that  have  escaped  through  the  surface  film.  These,  aft^ 
escape,  move  about  indiscriminately  in  the  chamber  and  are  reflected 
from  its  walls  and  from  each  other.  Some  return  to  the  liquid,  and 
once  they  fall  on  its  surface  they  may  be  attracted  into  the  in- 
krior.  It  thus  happens  that  a  certain  stage  is  ultimately  attained 
at  which  as  many  molecules  return  to  the  Uquid  per  second  as  leave 
it  and  an  equilibrium  is  established;  at  this  stage  evaporation  may  be 
said  to  have  ceased.  There  is  no  further  loss  to  the  liquid  or  gain 
to  the  vapor  outside  it;  there  is,  however,  a  continual  exchange 
going  on,  new  molecules  are  being  continually  projected  from  the 
surface  and  others  are  falling  into  the  liquid  in  equal  numbers.  The 
chamber  is  then  said  to  be  filled  with  saturated  vapor,  or  the  vapor  is 
said  to  be  saturated;  in  any  stage  before  this  final  stage  has  been 
reached  the  vapor  is  said  to  be  nonsaturated.  A  saturated  vapor  is 
thus  one  that  is  in  equilibrium  with  its  own  liquid. 

If  there  is  any  means  of  escape,  however,  as  from  the  bunghole  of 
the  drum,  some  of  the  molecules,  in  wandering  about  inside  the 
drum,  will  make  their  exit  through  the  bunghole  and  into  the  atmos- 
phere, never  returning  to  the  liquid.  There  will  be  thus  a  continual 
flow  of  molecules  from  the  surface  of  the  liquid  to  the  atmosphere, 
and  evaporation  will  continue  in  this  manner  at  a  steady  rate  as  long 
as  the  temperature  is  maintained  constant.  If  the  area  of  the  hole 
be  expanded  to  the  size  of  the  surface  of  the  liquid,  much  faster 
evaporation  will  take  place,  because  there  will  be  a  much  wider 
avenue  of  escape  opened  for  the  wandering  molecules. 

When  natural-gas  condensates  or  any  liquids  are  exposed  to  the 
air,  as  in  transferring  the  condensates  from  accumulator  tanks  to 
storage  tanks  or  to  drums,  evaporation  takes  place  much  more 
rapidly  than  when  the  condensate  is  lying  quietly  in  the  container. 
This  increased  rate  results  from  the  much  greater  surface  of  the 
liquid  that  is  exposed  to  the  air. 

The  authors  of  this  publication  foimd  that  from  2,040  gallons  of 
condensate  transferred  from  a  storage  tank  to  a  loading  station  at  a 
railroad  siding  by  means  of  a  pipe  line  1,500  feet  long,  there  was 
lost  by  evaporation  747  gallons,  or  36  per  cent.  This  loss  occurred 
at  the  plant  at  which  the  tests  shown  in  Tables  10  and  11  were  con- 
ducted. The  material  was  allowed  to  run  down  the  pipe  line  by 
gravity  to  the  loading  stations.  This  experiment  shows  that  evapora- 
tion rates  may  be  much  faster  than  in  the  tests  conducted  by  the 
autliors  in  glass  cylinders.  Evaporation  losses  may  be  also  hastened 
when  the  atmospheric  temperature  is  high.  The  atmospheric  tem- 
perature, when  the  authors  conducted  the  tests,  ranged  from  40^  to 
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70^  F.  (4''  to  21^  CO  I  bilt  most  of  the  time  the  temperature  ranged 
between  50""  and  60''  F.  (10''  to  le""  C).  During  the  summer  time 
temperatures  are  much  higher  and  evaporation  losses  will  be  corre- 
spondingly greater.    In  c<dder  weather  they  would  be  smaller. 

GUBVES   SHOWINO  EYAFORATION   LOSSES. 

The  authors  have  plotted  certain  curves  to  show  the  evaporation 
losses  resulting  when  natural-gas  condensates  and  mixtures  of  con- 
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PERIOD  EXPOSED,  HOURS. 

FiQUBB  11.— Evaparatioa  losses  of  natoral-isw  condwiaatHB. 

densates  and  naphtha  are  exposed  to  the  air.  The  curve  results 
shown  in  figure  1 1  are  plotted  from  data  from  Table  10.  It  wiD  be 
observed  that  the  rate  of  evaporation  of  condensates  of  high  specific 
gravity  is  rapid  for  the  first  eight  hours.  The  rate  of  evaporation  of 
a  condensate  with  a  specific  gravity  of  79**  B.  is  fairly  uniform.  A 
condensate  with  a  specific  gravity  of  98**  B.  imderwent  a  slower  rate 
of  evaporation  than  four  condensates  of  lower  specific  gravity.  This 
difference  was  probably  due  in  port  to  the  fact  that  during  the  tests 
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of  oondensateB  of  high  specific  gravity  the  temperature  of  the  atmos- 
phere was  about  10**  F.  (6*^  C.)  lower. 

In  figure  12  are  shown  the  evaporation  losses  that  resulted  when  two 
natural-gas  condensates,  with  gravities  of  98^  and  83.5^  B.,  were 
mixed  with  naphtha  in  diflFerent  proportions.  The  curves  were  pre- 
pared from  Tables  10  and  11. 

Figure  13  shows  the  evaporation  losses  resulting  when  a  condensate 
with  a  si>ectfic  gravity  of  93^  B.  was  exposed  to  the  air  and  when  it 
was  mixed  with  naphtha.     The  curves  were  prepared  from  Table  9. 

Figure  14  shows  the  evaporation  losses  when  a  condensate,  with  a 
specific  gravity  of  95^  B.,  ^as  exposed  to  the  air  and  when  it  was 
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PiarsB  12. — ^Evaporation  lasses  wlieo  two  natural-flBs  condensates  were  mixed  with  naphtha  in  different  proportions. 

mixed  with  naphthas  of  different  specific  gravities  and  exposed. 
Smaller  losses  resulted  when  a  naphtha  with  a  specific  gravity  of 
60°  B.  was  used  than  when  a  naphtha  with  a  specific  gravity  of  44®  B. 
was  used. 

VAPOBr-PBESSUBB  TESTS. 

Figures  15, 16, 17,  and  ISshow  the  results  of  tests  made  by  theauthors 
to  detennine  the  pressures  exerted  by  the  vapors  of  condensates  and 
of  blends.  In  making  the  tests  a  smaU  steel  container  of  about  2- 
Uter  capacity  was  fitted  with  a  pressure  gage.  A  hole  was  bored  in 
tihe  bottom  of  the  container  for  the  introduction  of  the  liquid.  This 
hole  could  be  securdy  closed  with  a  small  threaded  steel  plug.  To 
detennine  the  pressure  exerted  at  diffei^nt  temperatures,  the  con- 
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tainer  was  placed  in  a  water  bath  heated  by  a  gas  burner.  Pressure, 
temperature,  and  specific-gravity  observations  were  made. 

In  figure  15,  curve  1  shovrs  the  vapor  pressures  of  a  freshly  drawn 
condensate  having  a  specific  gravity  of  93^  B.  The  vapor  pressures 
ranged  from  19  pounds  per  square  inch  at  55^  F.  (13^  C.)  to  48  pounds 
per  square  inch  at  100^  F.  (38®  C). 

After  the  test  represented  by  curve  1  had  been  completed,  the  steel 
plug  was  removed  from  the  container  and  the  liquid  allowed  to  volatil- 
ize until  it  had  lost  10  per  cent  of  its  original  volume.  Then  the  plug 
was  again  inserted  and  the  vapor  pressures  were  again  noted  for  differ- 
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FiQUBK  13.— Evaporation  losses  from  a  condensate  with  a  specific  graTity  of  93*  B.,  and  from  the  same  condeosal 
mixed  with  kerosene  and  with  naphtha.  Sudden  bend  In  lower  curve  at  7  hours  due  to  accidental  vf  dent  a^tatU 
of  mixture,  causing  more  rapid  loss. 

ent  temperatures,  as  shown  by  curve  2.  Curves  3,  4,  and  5  show  the 
vapor  pressures  at  different  temperatures  after  the  original  conden- 
sate had  lost  20;  30;  and  40  per  cent  of  its  original  volume.  It  will  be 
observed  that  the  greatest  drop  in  vapor  pressure  occurred  after  the 
first  10  per  cent  loss.  This  is  due  to  the  fact  that  the  liquefied  gases, 
propane  and  butane,  were  escaping  in  largest  quantities  during  the 
first  part  of  the  exposure.  There  was  not  much  difference  in  the  vapor 
pressures  after  30  and  40  per  cent  losses,  as  shown  by  curves  4  and  5. 
Figure  16  shows  the  vapor  pressures  of  a  condensate  obtained  at 
the  same  plant  as  that  represented  in  figure  15,  but  at  a  different 
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tune.  It  will  be  observed  that  the  condensate  represented  by  curve  1 , 
%ure  16;  and  that  represented  by  curve  1;  figure  15,  were  of  the  same 
specific  gravity,  but  produced  appreciably  different  vapor  pressures 
at  the  same  temperatures.  In  other  words,  condensates  of  same 
specific  gravity  may  produce  quite  different  vapor  pressures.  A 
strikiDg  instance  of  such  a  variation  can  be  noticed  by  comparing 
curve  3,  figure  16,  representing  the  vapor  pressure  of  a  condensate 
with  a  specific  gravity  of  78  ®  B . ,  with  curve  5,  figure  1 5,  representing  the 
vapor  pressure  of  a  condensate  with  a  specific  gravity  of  88®  B.    The 
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'Suu  14.— ETvporatkni  losses  from  a  condensate  with  a  specific  gravity  of  06*  B.,  and  from  the  same  condensate  mixed 

with  kerosene  and  with  naphtha. 

condensate  with  a  specific  gravity  of  88®  B.  had  a  lower  vapor  pressure 
than  the  condensate  with  a  specific  gravity  of  78®  B.  However,  the 
condensate  represented  by  curve  5,  figure  15,  had  weathered  long 
enough  to  lose  40  per  cent  of  its  original  volume,  and  the  condensate 
represented  by  curve  3,  figure  16,  was  freshly  drawn.  From  the 
former,  Uquefied  gases  and  Uquids  of  low  boiling  point  had  been 
largely  removed,  and  in  the  latter  there  may  have  been  enough  of  the 
liquefied  gases  to  exert  a  pronounced  vapor  pressure,  but  not  enough 
to  greatly  affect  the  specific  gravity.  After  exposure  to  the  atmos- 
phere for  an  hour  or  even  less,  the  condensate  with  a  specific  gravity 
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Figure  15.— Vnpor-prnmire  curv«B  of  natuiBl-gas  oondeEuate  under  diffennt  conditl0iia. 
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Figure  16.— Vf^wr-preBsure  ourves  of  two  condensatfls. 
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of  78^  B.  would  have  been  greatly  diminiahed  in  vapor  pressure 
owing  to  the  rapid  evaporation  of  Kquid  gases,  principally  propane 
and  butane. 

In  figure  17  are  shown  the  vapor  pressures  of  a  freshly  drawn  con- 
densate (curve  1),  and  of  a  blend  prepared  by  mixing  this  condensate 
with  refinery  naphtha  in  equal  proportions  (curves  2  to  6)  The 
naphtha  had  a  specific  gravity  of  60^  B.  When  the  fresh  condensate 
was  mixed  with  the  naphtha  the  vapor  pressure  (curve  2)  was  lowered 
between  6  and  14  pounds  per  square  inch  over  a  range  of  temperature 
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FiGuiB  17,— Vi^Kir-pniOBure  oaxres  of  a  fnebly  drawn  condensate  and  of  a  blend  of  50  per  cent  of  the  con- 
densate and  50  per  cent  of  refinery  naphtha. 

from  55**  to  110**  F.  (13®  to  43®  C).  Curves  3  to  6  show  the  vapor 
pressures  at  different  temperatures  after  the  condensate  had  lost 
10, 20, 30,  and  40  per  cent  of  its  original  volume  by  evaporation.  The 
condensate  represented  by  curve  1  was  the  same  as  that  represented 
by  curve  1,  figure  16.  Comparison  of  curve  2,  figure  17,  with  curve  3, 
figure  17,  again  brings  out  the  fact  that  mixtures  of  the  same  specific 
gravity  may  have  different  vapor  pressures  at  the  same  temperature. 
In  this  instance  both  condensates  were  used  when  freshly  drawn. 
Curve  2,  figure  17,  represents  the  fresh  condensate  mixed  with  naphtha 
in  equal  proportions,  producing  a  mixture  having  a  specific  gravity  of 
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78®  B.  Curve  3,  figure  16,  represents  freshly  drawn  condensate 
with  a  specific  gravity  of  78®  B.  The  vapor  pressure  of  the  latter 
was  lower  than  that  of  the  former. 

In  figure  18  are  shown  the  vapor  pressures  of  different  mixtures 
of  a  condensate  with  naphtha  (specific  gravity,  60®  B.)  and  with 
kerosene  (specific  gravity,  44 ®B.)*  The  condensate  used  in  making 
the  blends  had  a  specific  gravity  of  93®  B.  It  was  the  same  conden- 
sate as  that  represented  by  curve  1,  figure  17,  and  curve  1,  figure  16. 
Curve  1  of  figure  18  shows  the  vapor  pressures  at  different  tempera- 
tures when  70  per  cent  of  freshly  drawn  condensate  was  mixed  with 
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FiouRB  18.— Vapor  prestores  of  different  mixtures  of  a  condensate  with  naphtha  and  with 

kerosene. 

30  per  cent  of  naphtha.  Curve  3  shows  the  vapor  pressures  at  differ- 
ent temperatures  after  the  mixture  represented  by  curve  1  had  lost 
10  per  cent  of  its  original  volume  by  evaporation. 

Curve  2  of  figure  18  shows  the  vapor  pressures  at  different  tempera- 
tures when  70  per  cent  of  the  freshly  drawn  condensate  was  mixed 
with  30  per  cent  of  kerosene.  Curve  4  shoVs  the  vapor  pressures  at 
different  temperatures  when  the  mixture  represented  by  curve  2  had 
lost  10  per  cent  of  its  original  volume  by  evaporation.  Curve  5  shows 
the  vapor  pressures  at  different  temperatures  after  the  mixture  rep- 
resented by  curve  2  had  lost  20  per  cent  of  its  volume  by  evaporation. 
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MBTHOBS  OF  BI«BNDINO. 

Methods  of  miTing  the  natural-gas  condensate  and  naphtha  differ 
in  detail  in  different  sections  of  the  country  and  even  at  some  plants 
in  the  same  section  of  the  country.  In  some  plants  mixing  is  per- 
formed at  the  plant;  that  is,  the  naphtha  is  brought  to  the  plant. 
The  mixture  is  made  and  the  blended  material  is  hauled  away  in 
wagons  or  forced  through  pipe  lines  to  the  railroad. 

The  condensate  from  other  plants  is  hauled  in  wagons,  boats,  or 
tank  cars  to  central  blending  stations,  and  the  mixture  with  the 
naphtha  is  made  there. 

One  company  in  the  Glenn  pool  district,  Okla.,  has  an  elaborate 
system  of  blending.  Naphtha  is  unloaded  at  the  little  town  of  Kiefer 
on  the  edge  of  the  pool,  where  large  storage  tanks  are  provided  for 
receiving  it.  The  naphtha  is  then  forced  from  the  tanks  through 
pipe  lines  to  many  different  gasoline  plants  in  the  Glenn  pool  district. 
At  each  of  these  plants  a  mixing  tank,  the  property  of  the  company, 
is  instaUed.  The  condensate  from  the  storage  tanks  of  the  plant  is 
forced  into  the  miTring  tank  where  it  mixes  with  the  naphtha.  After 
the  blend  has  become  uniform  the  mixture  is  forced  back  through 
pipes  to  the  railroad  station  at  Kiefer,  where  it  is  received  in  tanks 
to  await  shipment  to  consuming  centers. 

In  the  region  aroimd  Bradford,  Pa.,  wagons  partly  loaded  with 
naphtha  are  sent  from  a  refinery.  At  each  gasoline  plant  where  this 
wagon  stops  it  receives  a  quota  of  natural-gas  condensate,  which  is 
mixed  with  the  naphtha  already  in  the  wagon. 

At  a  large  blending  station  in  Pittsburgh  the  natural-gas  gasoline 
is  received  by  freight  in  steel  drums.  The  drums  are  emptiq^i  while 
still  in  the  car,  their  contents  being  forced  through  a  pipe  to  a  con- 
tainer that  holds  the  proper  quantity  of  naphtha.  A  great  deal  of 
the  natural-gas  condensate  is  blended  at  Parkersburg,  W.  Va.,  in  this 
manner.  Much  of  the  condensate  is  shipped  by  boat  on  the  Ohio 
River  to  Parkersburg. 

One  operator  in  Oklahoma  forces  the  condensate  through  a  pipe 
line  about  12  miles  long  to  a  railroad  siding,  where  the  TnJTing  with 
the  naphtha  is  accomplished. 

At  one  plant  the  condensate  is  not  blended,  but  shipped  to  a  point 
of  consumption,  where  it  is  used  for  the  purpose  of  making  gasoline- 
air  gas. 

At  a  plant  at  Alluwee,  Okla.,  the  gasoline  is  forced  into  the  same 
pipe  lines  that  convey  oil.  At  the  refinery  the  mixture  of  oil  and 
gasoline  is  subjected  to  distillation,  and  the  gasoline  is  reclaimed 
along  with  that  originally  in  the  oil.  The  refinery  is  at  Coffeyville, 
Eans. 

67868* — ^Boa  88— 1( 
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It  follows  from  what  has  already  been  said  that  the  blending  of 

natural-gas  condensates  with  refinery  naphthas  results  in  lower  vapor 

pressures  and  slower  rates  of  evaporation  of  the  condensate;  hence, 

in  order  to  conserve  the  condensate  as  much  as  possible,  it  should 

be  blended  with  naphtha  as  soon  as  practicable  after  it  has  been 

made. 

SUMMARTo 

Below  is  presented  a  brief  summary  of  some  of  the  more  important 
details  discussed  herein. 

OBOWTH  OF  htdustby. 

The  making  of  gasoline  from  natural  gas  increased  from  a  produc- 
tion of  a  few  thousand  gallons  in  1904  to  about  24;000;000  gallons  in 
1913.  Not  until  1909  did  the  industry  assume  commercial  impor- 
tance, having  its  commercial  inception  in  Pennsylvania,  around 
Tidioute,  Titusville,  and  Warren. 

According  to  the  United  States  Geological  Survey  the  increase  in 
production  of  gasoline  for  the  year  1912  over  1911  waa63  per  cent. 
The  rate  of  increase  for  the  year  1913  over  1912  was  100  per  cent. 
It  is  reasonable  to  expect  a  greater  increase  for  the  year  1914.  The 
gas  used  represents  that  which  previous  to  the  installation  of  plants 
for  the  production  of  gasoline  was  principally  wasted. 

CONSTrmENTS  OF  NATTTBAIi  GAS. 

Natural  gases  are  mixtures  in  which  the  hydrocarbons  of  the  par- 
affm  series  predominate.  Small  quantities  of  nitrogen,  carbon 
dioxidq^  and  water  vapor  are  also  present.  In  some  gases,  however, 
the  percentages  of  nitrogen  and  carbon  dioxide  are  large.  One 
analysis  is  shown  in  which  nitrogen  comprised  98.5  per  cent  of  the 
total,  and  another  in  which  the  carbon  dioxide  equaled  about  30  per 
cent  of  the  total. 

The  exact  proportions  of  constituents  in  natural  gases  can  not  be 
determined  by  ordinary  methods  of  analysis,  although  the  total 
quantity  of  paraf&n  hydrocarbons  can  be  thus  obtained  and  the  heat- 
ing value  and  specific  gravity  determined.  Natiu*al  gas  may  be  sepa- 
rated into  its  constituents  by  liquefying  it  by  means  of  liquid  air  and 
separating  the  constituents  of  the  Hquified  gas  by  fractional  distilla- 
tion. By  this  means  the  authors  showed  that  the  natural  gas 
used  in  Pittsburgh  contained  84.7  per  cent  methane,  and  that  an 
extremely  ^'wef  gas  from  which  gasoline  is  condensed  conuner- 
ciaUy  contained  only  36.8  per  cent  methane. 

The  paraffin  hydrocarbons  that  principally  concern  the  gasoline 
producer  are  methane,  ethane,  propane,  and  the  butanes,- pentanes, 
hexanes,  and  heptanes.  The  first  four  are  gases  at  ordinary  tem- 
peratures, the  last  three  liquids.     The  gases  after  contact  with  the 
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oil  in  tthe  earth  bring  with  them  the  vapors  of  the  liquid  hydrocarbons. 
The  vapors  are  carried  along  with  the  permanent  gases  in  the  same 
manner  that  water  vapor  exists  with  air.  After  treatment  in  the 
gasoline  plant,  where  the  capacity  of  the  gases  to  carry  the  vapors  is 
mach  lessened,  the  vapors  are  deposited. 

FACTOB8  AFFRCmSfa  YIELD  OF  0A80LINB  FBOX  NATXTBAL  QAS. 

The  quantity  of  gasoline  vapors  in  any  particular  gas  mixture  is 
dependent  upon  the  character  of  the  oil  in  the  sand,  the  temperature 
and  pressure  existing  in  the  sands,  the  porosity  or  closeness  of  the 
strata,  the  intimateness  of  contact  between  gas  and  oil,  and  other 
less  important  factors.  The  pentanes,  hexanes,  and  heptanes  are  the 
only  constituents  of  crude  oil  that,  at  earth  temperatures,  have  vapor 
pressures  of  such  magnitude  that  they  are  distilled  in  quantity  from 
the  crude  oil;  hence,  they  are  the  chief  Uquid  constituents  of  natural- 
gas  gasoline. 

In  wells  yielding  gas  suitable  for  gasoline  condensation,  the  three 
gases,  methane,  ethane,  and  propane,  invariably  occur  in  the  gaseous 
condition,  and  butane  also  is  usually  present  in  the  gaseous  condition. 

METHODS   OF  TESTING   FOR  GASOLINE   YIELD. 

By  itself  the  ordinary  eudiometric  analysis  is  of  little  use  for  testing 
a  sample  of  natural  gas  in  order  to  determine  its  suitabiUty  for  gaso- 
line production.  Laboratory  methods  in  principal  use  have  to  do 
with  solubility  and  specific-gravity  tests.  The  Bureau  of  Mines  has 
used  alcohol  and  claroline  oil;  100  c.c.  of  the  gas  is  shaken  with 
35  c.c.  of  the  oil  or  with  50  c.c.  of  the  alcohol  until  absorption  ceases. 
For  the  determination  of  specific  gravity  the  authors  have  both 
weighed  the  gas  and  used  Bunsen's  effusion  method.  The  authors, 
have  found  that  natural  gases  at  present  used  for  gasoUne  production 
have  a  specific  gravity  of  0.80  or  higher,  and  are  soluble  to  the  extent 
of  30  per  cent  or  more  in  the  solvents  used.  Laboratory  tests  serve 
best  as  preliminary  indications  previous  to  tests  of  the  gas  at  the  well 
by  means  of  an  experimental  compressing  plant. 

USE  OF  prroT  tube  and  gas-analysis  apparatus. 

The  Pitot  tube  as  ordinarily  used  for  measuring  the  flow  of  gases, 
that  is,  where  the  static  pressure  is  not  obtained,  may  give  results  that 
are  8  per  cent  in  error,  even  though  the  tube  is  correctly  used.  When 
the  static  pressure  is  obtained  and  all  readings  are  taken  with  a  suffi- 
cient d^ree  of  refinement,  they  may  vary  only  1  per  cent  more  or  less 
from  the  correcl  results.  The  amount  of  casing-head  gas  that  flows 
from  a  casing  head  may  vary  from  little  or  nothing  up  to  500,000  or 
more  cubic  feet  of  gas.  Wells  should  be  allowed  to  vent  from  3  to  24 
hours  before  measurements  of  the  flow  are  made. 
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A  simple  gas-analyBis  determination  will  show  an  operator  whether 
air  is  leaking  into  his  gas  mains.  Some  gases  that  are  used  for  con- 
densing gasoline  contain  40  per  cent  or  more  of  air  due  to  leakage. 

LIFE  OF  WELLS  AS  BSaABDS  aASOLZXTE  PSODXTCnON. 

Regarding  the  life  of  wells  as  to  flow  of  gas  for  gasoline  condensa- 
tion, it  can  be  stated  that  wells  from  which  gas  has  been  escaping 
freely  for  several  years  will  be  long  enough  lived  to  insure  a  return  of 
the  initial  investment  with  profit,  that  is.  if  the  gas  contains  the 
necessary  quantity  of  gasoline  vapors. 

DATA  BEGABDINa  OOMPBESSION. 

The  condensation  of  gasoline  from  natural  gas  is  a  physical  process. 
The  process  in  principal  use  at  the  present  time  consists  essentially  in 
compressing  the  gas  to  pressures  up  to  300  pounds  and  cooling  it  with 
water  of  ordinary  temperature.  Cooling  the  gas  by  means  of  a  refrig- 
erant without  compression,  or  using  a  refrigerant  other  than  water  in 
conjunction  with  compressors,  are  processes  that  are  coming  into  use. 

The  pressure  best  suited  for  the  condensation  of  gasoUne  from 
nat\u*al  gas  depends  upon  the  partial  pressures  of  the  gases  and  vapors 
present  in  the  mixture.  The  partial  pressures  are  difficult  to  deter- 
mine. Hence  the  best  that  one  can  do  in  plant  operation  is  to  experi- 
ment until  the  most  suitable  pressures  are  found. 

Single-stage  and  two-stage  compressors  are  generally  used  in 
gasoline-plant  operations.  Single-stage  compressors  are  generally 
used  where  pressures  of  110  pounds  per  square  inch  are  not  exceeded. 

In  most  two-stage  plants  little  condensate  is  obtained  after  the  first 
compression. 

Several  changes  occur  in  the  gas  when  it  is  treated  in  a  gasoline 
plant  for  the  condensation  of  gasoline.  One  has  to  do  with  the  con- 
densation of  vapor,  another  with  the  liquefaction  of  gas,  and  a  third 
with  the  solubility  of  gases  in  the  liquids  produced. 

The  condensate  as  it  is  received  in  the  accumulator  tanks  consists 
principally  of  the  liquids  pentane  and  hexane  and  the  liquefied  gas 
butane.    Some  heptane  and  liquid  propane  may  also  be  present. 

For  a  particular  natural  gas  there  is  a  certain  pressure  best  suited 
to  produce  the  most  salable  gasoline.  Increasing  the  pressure  may 
result  in  producing  more  condensate  in  the  accumulator  tanks,  but 
the  additional  yield  may  be  so  volatile  as  to  quickly  escape  after 
exposure  to  air. 

The  quantity  of  gas  that  dissolves  in  the  condensate  in  the  accu- 
mulator tank  is  so  small  as  to  be  insignificant. 

At  least  one  plant  in  the  United  States  using  a  refrigerative  method 
with  low  pressures  is  in  successful  operation. 
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COST  DATA. 

Exclusive  of  foundations  and  housing  for  machinery,  pipe  lines  to 
wells,  raiboad  sidings,  storage  tanks,  etc.,  the  compression  and  con- 
densing equipment  for  gasoline  plants  costs  from  about  $2,800  for  a 
plant  for  handling  120,000  cubic  feet  of  gas  up  to  $7,800  for  a  plant 
for  handling  600,000  to  700,000  cubic  feet  of  gas.  Two  plants  that 
produced  490,000  gallons  of  gasoline  in  1913  cost  $40,000  to  complete. 
The  owners  realized  55  per  cent  on  their  investment  the  first  year. 

About  35  cubic  feet  of  gas  disappears  at  some  plants  for  each 
gallon  of  condensate  produced  from  1,000  cubic  feet  of  gas.  At  other 
plants,  as  much  as  500  cubic  feet  of  gas  may  disappear. 

EKAIIKa  VAIiXTXS  AND  BZPLOSIVE  LIMITS  OF  NATT7BAL  GASES. 

The  heating  value  of  the  natural  gas  used  for  the  condensation  of 
gasoline  from  natural  gas  may  be  as  high  as  2,500  British  thermal 
units  at  0^  C.  and  760  nmi.  pressure.  None  of  the  residual  gases 
that  the  authors  tested  had  a  heating  value  lower  tban  1 ,000  British 
thermal  units.  At  one  plant  the  residual  gas  had  a  heating  value  of 
almost  2,300  British  thermal  units. 

The  explosive  limits  of  the  natural  gases  used  for  the  condensation 
of  gasoline  from  natural  gas  are  low  and  narrow.  These  hmits  are 
approximately,  for  the  low  limit,  '3.5  per  cent  gas,  and  for  the  high 
limit,  9.5  per  cent  gas.  Special  precautions  must  be  taken  to  avoid 
explosions. 

BVAPO&ATION  LOSSES. 

Evaporation  losses  that  resulted  when  natural-gas  condensates  of 
diflferent  specific  gravities  were  exposed  to  the  atmosphere  in  certain 
forms  of  containers  ranged  at  one  plant  from  4.5  per  cent  to  24  per 
cent  at  the  end  of  the  first  hour,  from  8.5  to  33  per  cent  at  the  end  of 
the  second  hour,  from  9.5  to  40  per  cent  at  the  end  of  the  third  hour, 
and  about  54  per  cent  at  the  end  of  18  and  24  hours. 

At  another  plant  the  losses  for  condensate  ranging  from  a  specific 
gravity  of  79®  to  98**  B.  were  0  to  19  per  cent  for  the  first  hour,  0  to 
26  per  cent  for  2  hours,  1  to  34  per  cent  for  3  hours,  2  to  38  per  cent 
for  4  hours,  3  to  45  per  cent  for  6  hours,  4  to  48  per  cent  for  7  hours, 
4  to  46  per  cent  for  8  hours,  and  10  to  65  per  cent  for  24  hours. 

A  slower  rate  of  evaporation  occurs  from  a  mixture  of  re^ery 
naphtha  and  a  condensate  than  when  the  condensate  is  allowed  to 
evaporate  separately.  In  some  tests  conducted  by  the  authors,  Che 
saving  at  the  end  of  the  first  hour  was  about  6  per  cent  in  favor  of 
the  blends;  at  the  end  of  the  second  hour,  about  10  per  cent;  at  the 
end  of  the  third  hour,  about  11  per  cenf;  at  the  end  of  the  fourth 
hour,  about  10  per  cent;  at  the  end  of  the  fifth  hour,  about  12  per 
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cent;  at  the  end  of  the  sixth  hour,  about  11  per  cent;  at  the  end  of 
the  seventh  hour,  about  8  per  cent;  and  at  the  end  of  the  twenty- 
fourth  hour,  about  14  per  cent. 

VAFO&  FBBSStJBSS. 

Freshly  drawn  condensates  with  a  specific  gravity  of  93^  B.  may 
have  a  vapor  pressure  of  14  to  48  pounds  per  square  inch  at  tem- 
peratures of  55**  to  100"*  F.  (13**  to  38*'  C).  Condensates  with  a 
specific  gravity  of  78®  B.  may  have  vapor  pressures  ranging  from  3 
to  19  pounds  per  square  inch  at  temperatures  of  55®  to  109®  F.  (13® 
to  43®  C). 

After  a  condensate  with  a  specific  gravity  of  93®  B.  has  lost  40 
per  cent  of  its  volume  by  evaporation  the  vapor  pressures  may  range 
from  1  pound  to  19  pounds  per  square  inch  at  temperatures  ranging 
from  55®  to  109®  F.  (13®  to  43®  C). 

When  a  freshly  drawn  condensate  having  a  specific  gravity  of  93® 

B.  is  mixed  with  refinery  naphtha  with  a  specific  gravity  of  60®  B. 
the  vapor  pressures  may  be  57  to  70  per  cent  of  the  vapor  pressure 
of  the  condensate  alone. 

Condensates  of  the  same  specific  gravity  may  have  different  vapor 
pressures 
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APPENDIX. 

PATBMTS  OOVEBINa  THE  8EPABATION  AND  USE  OF  THB  LIGHT 
PAHATFZK  HYDBOOABBONS  IN  NATUBAL  QAB. 

In  Technical  Paper  10**  of  the  Bureau  of  Mines  there  were  pub- 
lished experiments  relating  to  the  use  of  the  light  paraffin  hydrocar- 
bons in  natural  gas.  It  was  recommended  that  some  of  these  con- 
stituents be  used  as  a  liquefied  gas  in  the  same  manner  that  Pintsch, 
BlaUy  and  other  gases,  transportable  in  containers  under  pressure,  are 
used.  At  least  one  company  developed  the  industry  to  the  point  of 
making  gas  installations.  Some  patents  relating  to  this  phase  of  the 
use  of  liquid  products  of  natural  gas  are  noted  here. 

U.  S.  patent  1031664,  issued  to  F.  P.  Peterson  July  2,  1912,  dis- 
closes a  process  of  condensing  and  separating  different  compoimds 
in  natural  gas  at  different  pressures  and  temperatures  and  collecting 
the  condensate  for  each  stage  separately.  The  expanded  residue  of 
the  gases  is  caused  to  flow  countercurrent  to  the  compressed  gases 
and  thereby  cool  them. 

U.  S.  patent  1056845,  issued  to  W.  O.  Snelling  March  25,  1913,  also 
discloses  a  process  of  separating  some  of  the  compoimds  from  natural 
gas.  A  heated  mixture  of  the  gases  is  subjected  under  pressure  to 
the  condensing  action  of  a  series  of  condensers,  each  of  which  is  main- 
tained at  a  temperature  just  below  the  boiling  point,  at  the  high 
pressure  to  which  the  mixture  is  subjected,  of  the  constituents  con- 
densed thereby. 

U.  S.  patent  1094864,  issued  to  F.  P.  Peterson  April  28,  1914,  claims 
a  new  composition  of  matter,  consisting  of  a  hquefied  mixture  of 
ethane,  propane,  and  butane,  produced  from  natural  gas  and  sub- 
stantially free  from  other  hydrocarbons.  Peterson  claims  as  an 
advantageous  process  for  obtaining  the  above  mixture,  the  process 
patented  by  him  on  July  2,  1912  (U.  S.  patent  1031664). 

TBAP  FOB  S  A  VINO  QAB  FBOM  aXTSHEBS. 

Aq  elaborate  trap  for  saving  the  gas  from  large  gushers  and  sepa- 
rating the  gasoline  from  the  gas  is  described  in  the  California  Derrick,^ 
the  statement  being  made  that  this  new  method  of  conserving  the 
gasoline  in  the  escaping  gas  has  taken  the  place  of  the  gas  compressor  on 
certain  properties  in  California.    The  principle  underlying  the  method 

a  Allai,  I.  C,  aod  Buirell,  O.  A.:  Liquefied  products  from  natural  gas,  their  properties  and  uses:  Tech- 
niod  P^Mr  10,  Bureau  of  Mines,  1912, 23  pp. 
^  GooservBtion  of  gas  and  oil  in  CaUforaia.    California  Derrick,  vol.  7,  Sept.  10, 1914. 
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is  the  natmral  separation  of  associated  oil  and  gas  in  a  long  chamb^ — 
a  10-inch  pipe  800  feet  long — which  is  tapped  at  short  intervals 
by  ''risers"  (separately  controllable)  into  which  the  gas  flows  while 
the  oil  and  sand  under  the  pressure  from  the  well,  flow  through  the 
10-inch  pipe.  When  the  oil  and  sand  reach  the  end  of  the  pipe, 
they  are  drawn  into  a  receiving  tank  where  the  sand  settles.  As  the 
gas  is  tapped  at  various  points  on  the  upper  surface  of  the  pipe,  a  rush 
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ECONOMIC  METHODS  OF  UTILIZING  WESTERN  LIGNITES. 


By  E.  J.  Baboook. 


INTBODTJCTION. 
EXTENT  OF  LIGNITE  DEPOSITS. 

The  existence  of  vast  deposits  of  lignite  in  the  West  Central  and 
Western  Stat^  is  well  known,  although  the  extent  and  importance 
of  the  deposits  have  not  been  appreciated,  nor  has  there  been  an 
adequate  economic  utilization  of  the  deposits. 

The  work  of  the  Bureau  of  Mines,  the  United  States  Geological 
Survey,  and  the  State  geological  surveys  is  disclosing  an  increasingly 
large  area,  imderlaid  with  this  kind  of  coal.  Among  the  States 
hayiog  the  largest  workable  deposits  may  be  mentioned  North 
Dakota,  Montana,  Wyoming,  Colorado,  and  Texas,  and  in  several 
other  Western  States  lignite  occurs  in  smaller  areas.  In  North 
Dakota  alone  it  is  estimated  that  the  deposits  cover  approximately 
32,000  square  miles,  many  of  them  being  10  to  15  feet  thick  and 
capable  of  producing  in  all  several  hundred  biUions  of  tons  of  lignite. 

When  one  stops  to  consider  what  these  figiu'es  mean  as  to  the 
immensity  of  these  deposits  in  the  West,  it  is  not  strange  that  people 
are  seeking  to  ascertain  better  means  for  deriving  larger  benefits 
from  the  proper  utilization  of  those  great  deposits.  Consequently, 
any  proposed  methods  of  utilization  that  are  promisiog  are  well 
worthy  of  careful  consideration. 

PURPOSE  AND  SCOPE  OP  THE   INVESTIGATIONS. 

The  Bureau  of  Mines  has  been.investigatiQg  more  efficient  methods 
of  utilizing  fuels,  the  pertinent  reports  issued  by  the  bureau  being 
given  iu  the  list  at  the  end  of  this  volume.  In  the  State  of  North 
Dakota  there  has  been  begun  at  the  college  of  mining  engineering 
of  the  University  of  North  Dakota,  at  Grand  Forks,  and  at  the  min- 
ing substation,  at  Hebron,  extended  work  on  a  variety  of  new  and 
practical  methods  of  using  lignite.  In  this  work  special  attention 
has  been  paid  to  the  production  of  gas  and  its  utility  and  economy 
for  heating,  lighting,  and  power  purposes  and  the  manufacture  of 
briquets.    In  addition,  many  other  improvements  in  methods  of 
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burning  and  utilizing  lignite  have  been  attempted.  As  the  Federal 
Goyemment  controls  great  tracts  of  land  underlain  with  lignite,  it 
has  a  direct  interest  in  the  utilization  of  this  fuel,  and  the  Bureau  of 
Mines,  in  its  investigations  of  fuels  belonging  to  or  for  the  use  of  the 
Goyemment,  has  cooperated  in  the  study  of  lignite. 

The  piupose  of  this  bulletin  is  to  present  a  summary  of  the  residts 
thus  far  obtained  in  the  work  done  at  the  collie  of  mining  engi- 
neering and  at  the  mining  substation  of  North  Dakota,  and  to  indi- 
cate the  prospects  that  the  results  hold  out  for  the  future  develop- 
ment of  the  lignite  iSelds  of  the  West. 

What  has  been  accomplished  in  this  experimental  work  leads  to 
the  belief  that  great  improvements  can  be  made  in  the  methods  of 
utilizing  lignite  and  in  the  manufacture  of  cheap  gas  for  power  and 
other  purposes,  and  that  the  making  of  high-grade  fuel  briquets  can 
be  put  on  a  conunercially  satisfactory  basis.  The  result  will  be  that 
not  only  wiU  lignite  be  much  more  serviceable  and  much  more  gen- 
erally used,  biit  an  immense  quantity  of  slack  and  coal  that  would 
otherwise  be  wasted  will  be  saved. 

Furthermore,  by  the  process  described  in  this  bulletin,  laige  quan- 
tities of  gas,  especially  valuable  for  power  piuposes,  may  be  obtained 
at  a  low  cost,  as  the  work  thus  far  carried  on  indicates  that  this  gas 
can  be  used  successfully  with  an  internal-combustion  engine  for  the 
production  of  electricity  so  as  greatly  to  reduce  the  cost  of  power 
production  and  thus  make  possible  a  wide  utilization  of  cheap  elec- 
tricity for  industrial  purposes. 

eHABACTEBISTICS  OF  WESTEBN  UQNITES. 

In  order  better  to  imderstand  why  these  lignite  deposits  have  not 
been  developed  more  rapidly  and  to  see  what  changes  are  needed  to 
increase  their  value  and  usefulness,  it  is  necessary  at  the  start  to  con- 
sider certain  general  characteristics  of  lignite.  Inasmuch  as  the 
work  herein  reported  has  been  largely  done  at  the  school  of  mines 
and  the  mining  substation  of  the  University  of  North  Dakota,  most 
of  the  references  and  data  here  given  are  based  on  North  Dakota 
lignite;  however,  the  results  of  tests  of  lignites  from  several  other 
States  are  presented. 

Western  lignites,  from  different  localities,  though  in  general  sinular, 
differ  somewhat  in  both  physical  and  chemical  properties.  Not  only 
in  different  districts,  but  also  in  different  mines,  the  composition 
varies  considerably,  especially  in  ash  content,  a  matter  of  much 
importance  in  connection  with  the  utilization  of  lignites.  If  the  ash 
content  of  a  lignite  to  be  used  in  the  production  of  gas  is  high,  the 
ash  content  in  the  residue  wiU  be  considerably  increased  through 
concentration  in  carbonization,  and  hence  the  residue  will  be  less 
valuable  for  use  in  making  briquets. 
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PHYSICAL  CHABACTEBISTICS. 

Most  Western  lignites  are  brownish-black,  few  having  much  luster, 
but  some  samples  approach,  in  appearance  only,  the  duller  varieties 
of  cannel  coal.  In  some  districts,  however,  the  seams  are  harder 
and  more  compact,  and  have  a  dark  color  and  considerable  luster. 
There  is  some  difference  in  the  character  of  the  seams  at  different 
levels.  Many  of  the  upper  deposits  are  too  thin  to  be  operated,  and 
some  are  strikingly  lignitic  in  color  and  structure,  whereas  the  lower 
seams  may  be  darker,  more  compact,  and  less  friable.  In  many 
localities  such  seams  might  quite  properly  be  classified  as  sub- 
bituminous  coal,  particularly  some  of  the  deposits  in  Montana, 
Wyoming,  and  Colorado.  In  many  of  these  deposits,  as  in  some  of 
the  North  Dakota  deposits,  the  lignite  shows  little  or  none  of  the 
woody  structure  characteristic  of  a  true  lignite,  but  in  many  of  the 
Western  deposits  it  is  dark,  semilustrous,  and  lacking  in  the  physical 
characteristics  of  lignite,  although  the  lignite  character  is  revealed 
in  chemical  tests,  in  burning,  usually  in  slacking,  and  in  the  character 
of  the  residue,  the  gas,  and  other  by-products. 

VABIATION  IN  COMPOSITION  OF  DIFFEBENT  COAXS. 

From  a  chemist's  point  of  view  it  may  be  said  that  in  a  general 
way  the  quaUty  of  a  coal  depends  largely  on  the  proportions  of  fixed 
carbon,  volatile  matter,  and  ash.  Coal  consists  chiefly  of  organic 
matter,  but  contains  varying  proportions  of  inorganic  or  incon- 
bustible  material — substances  that  were  originally  in  the  framework 
and  sap  of  the  plant,  or  were  carried  in  as  foreign  material  during  the 
period  of  deposition.  When  coal  is  burned  the  organic  matter  is 
consumed  and  passes  away  as  gas,  but  the  inorganic  part  is  left 
behind  as  ash.  The  relative  proportion  of  the  ash  determines  to  a 
considerable  degree  the  purity  and  the  value  of  the  coal.  A  coal  that 
contains  less  than  5  per  cent  of  ash  may  be  considered  as  rather  free 
from  foreign  impurities.  Some  bituminous  and  hard  coals  used 
contain  15  to  20  per  cent  of  ash.  If  more  than  10  per  cent  is  found 
the  coal  may  be  considered  impure ;  that  is,  mixed  with  foreign  matter, 
generally  in  the  form  of  clay  which  has  worked  its  way  into  the  do- 
posit  either  during  the  period  of  deposition  or  after  the  accumulation 
of  the  coal. 

SULPHUR   CONTENT    OBJECTIONABLE. 

One  of  the  most  objectionable  impiurities  in  coals  is  sulphur,  which 
is  undesirable  in  almost  all  uses  to  which  coal  may  be  put.  It  tends 
to  lessen  the  heating  quaUties  of  a  coal  and  gives  off  obnoxious  gases 
that  corrode  furnace  grates  and  metalUc  surfaces  in  the  flues.  Most 
Western  lignites,  however,  do  not  contain  a  laige  percentage  of 
sulphur. 
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USUAL  PBOPOBTIONS   OF  VOLATILE   MATTBB  AND  FIXED  CARBON. 

The  combustible  matter  of  coal  is  partly  fixed  (not  easily  driven 
off  as  gas),  known  as  fixed  carbon,  and  partly  volatile,  easily  con- 
verted into  gas.  The  fixed  carbon  corresponds  to  charcoal  in  wood, 
and  in  certain  grades  of  bituminous  coals  is  known  as  coke. 

Most  anthracite  coal  contains  80  to  90  per  cent  fixed  carbon,  is 
dense  and  hard,  and  has  characteristic  phjrsical* properties.  Most 
semianthracite  coal  contains  70  to  80  per  cent  fixed  carbon,  whereas 
most  bituminous  coal  contains  50  to  70  per  cent  fixed  carbon.  Many 
of  the  bituminous  coals,  rich  in  volatile  matter,  when  burned  in  a 
retort  produce  a  coke  well  adapted  to  manufacturing  and  metal- 
lurgical purposes.  Most  Western  lignites  do  not  contain  more  than 
40  to  55  per  cent  of  fixed  carbon,  and  when  burned  in  a  retort  the 
fixed  carbon  does  not  coke,  but  remains  as  somewhat  shrunken  and 
broken  lumps  of  residue  which,  although  rather  high  in  calorific  value, 
are  of  Uttle  value  until  briquetted  into  proper  size  and  strength 
for  use  in  stoves  and  furnaces,  or  under  boilers. 

AVEBAOE   OOBiPOSmONS   OF  DIFFERENT   WESTERN   LIGNITES. 

The  results  of  many  hundreds  of  analyses  of  lignite  samples  made 
under  the  direction  of  the  writer  indicate  that  the  average  com- 
position of  Western  lignites  when  dry  is  about  as  follows:  Fixed 
carbon,  51  per  cent;  volatile  matter,  39  per  cent;  ash,  10  per  cent. 
The  moisture  in  the  lignites  as  mined  is  15  to  35  or  even  40  per  cent. 

The  average  composition  of  North  Dakota  dry  Ugnite  is  probably 
about  as  follows:  Fixed  carbon,  49  per  cent;  volatile  matter,  43  per 
cent;  ash,  8  per  cent.  The  moisture  in  the  Ugnite  as  mined  is  25  to 
35  per  cent. 

In  a  general  way  it  may  be  said  that  1  ton  of  Western  lignite  when 
dry  wiU  equal  0.4  to  0.7  ton  of  Eastern  bituminous  coal,  the  exact 
comparative  values  depending  on  the  particular  grades  of  lignite  and 
of  bituminous  coal  used  for  comparison. 

EFFECT   OF  MOISTURE   CONTENT   OF  LIGNITB. 

Lignite,  especially  in  large  blocks  as  mined,  breaks  up  easily  when 
exposed  to  air.  Such  disintegration  is  no  doubt  due  in  large  part  to 
the  rapid  evaporation  of  water,  which  constitutes  20  to  35  per  cent  of 
most  lignite  as  taken  from  the  mines.  The  larger  part  of  this  mois- 
ture escapes  rapidly  and  causes  thereby  checking  and  spUtting  of 
the  lumps,  eventusJly  converting  piles  of  lignite  lumps  into  slack. 
This  slacking  is  one  of  the  greatest  difficulties  to  be  overcome  in  the 
commercial  handUng  and  utiUzing  of  lignites  and  seems  to  be  a  general 
characteristic  of  the  deposits  throughout  the  West. 
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The  cost  of  ahipping  coal  containing  so  much  moisture  is  high,  and 
the  moisture  content  causes  a  corresponding  reduction  in  the  effi- 
ciency of  the  fuel.  It  is,  therefore,  inportant  that  the  moisture  be 
removed  before  shipment.  However  the  tendency  of  the  coal  to 
forai  slack  when  burned,  even  after  the  moisture  has  been  removed, 
presents  another  difficult  problem.  As  a  result,  the  utilization  of 
lignite  has  been  confined  to  comparatively  narrow  regions  near  the 
deposits.  The  utilization  of  this  coal  would  be  enormously  stimu- 
lated could  it  be  satisfactorily  and  economically  converted  or  con- 
centrated into  fuel  free  from  moisture  and  of  a  size  and  strength 
adapted  to  general  commercial  uses;  hence  the  development  of 
some  economical  means  of  briquetting  lignite  is  highly  important. 

THE  PBEPABATION  OF  UQNITE  FOB  BXTBNINa. 

Lack  of  familiarity  with  the  character  of  lignite  and  lack  of  knowl- 
edge of  the  best  methods  of  burning  it  make  many  people  unwilling 
to  use  this  kind  of  coal.  However,  the  use  is  gradually  being  ex- 
tended as  from  time  to  time  more  perfect  methods  of  burning  appear. 

MOISTTJBE  CONTENT   SHOUIJ>   BE  REDUCED. 

Improved  methods  of  preparing  lignite  for  the  market  have  been 
developed  and  will  no  doubt  sooner  or  later  be  adopted  by  mine 
operators.  A  universal  mistake  is  made  in  burning  Ugnite  coal  with 
too  large  a  percentage  of  moisture.  Most  lignite  when  taken  from 
the  mine  contains  more  than  25  per  cent  of  moisture,  which  seriously 
interferes  with  the  heating  power  of  the  fuel.  If  the  hgnite  could  be 
seasoned  and  broken  into  lumps  of  uniform  small  size  before  it  is  put 
on  the  market,  the  popularity  and  real  value  of  the  lignite  would  be 
greatly  increased.  Lignite  that  has  been  broken  before  drying  does 
not  slack  as  badly  as  when  left  to  dry  in  large  lumps.  When  the 
large  masses  dry  the  evaporation  takes  place  from  the  surface  and 
causes  the  masses  to  spUt  into  thin,  small  pieces.  If  the  large  lumps 
are  first  broken  to  about  3-inch  size  and  then  allowed  to  dry,  the  loss 
in  slack  is  much  reduced. 

TESTS  OF  EFFECT  OF  ATMOSPHERIC  DRYING. 

In  order  to  determine  the  possibiUty  of  removing  any  considerable 
proportion  of  the  moisture  from  freshly  mined  lignite  by  exposure 
to  atmospheric  drying,  and  to  determine  also  whether  such  atmos- 
pheric drying  would  cause  any  material  loss  of  fuel  value,  a  series  of 
careful  tests  was  performed.  The  tests  were  made  with  a  pile  of 
typical  Ugnite  taken  directly  from  the  mines  and  exposed  to  the 
effect  of  the  air  and  weather  for  three  weeks  during  the  month  of 
August.    The  coal  was  analyzed  at  the  beginning  and  during  the 
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tests  to  determine  the  percentage  of  moisture^  volatile  matter,  fixed 
carbon,  and  ash,  and  the  heating  value. 

The  determinations  were  made  every  third  or  fourth  day.     The 
records  at  the  start  and  at  the  end  of  14  days  were  as  follows: 

RetuUs  ofexposvTe  of  lignite  to  weather. 


Condition  of  lignite. 


As  mined 

After  14-day  expoeuro. 


Moisture. 


Percent. 
33.5 
12.52 


Voiatfle 
matter. 


Percent. 
25.5 
34.83 


Fixed 
carbon. 


PercenL 
35 
46.06 


Ash. 


6 

7.6 


In  these  tests  there  was  a  gradual  decrease  in  the  moisture  until 
about  12.5  per  cent  was  reached,  at  the  end  of  about  14  days.  Sub- 
sequently there  was  practically  no  further  reduction  in  the  moisture 
content.  It  would  thus  appear  that  in  summer  weath^  an  exposure 
of  freshly  mined  lignite  for  two  or  three  weeks  would  materially  re- 
duce the  percentage  of  moisture.  There  seems  to  be  slight  chemical 
change,  and  the  heating  value,  as  shown  by  numerous  calorimeter 
determinations,  is  increased  in  proportion  to  the  moisture  removed. 
During  this  exposure  the  usual  slacking  occurred,  but  seemed  to  be 
much  less  when  the  coal  while  fresh  from  the  mine  was  broken  into 
small  lumps. . 

ULBOBATOBY   TESTS    OF    EVAPOBATIVE    AND  HEATING  QITAXJ- 
TIES  OF  IJONITE   AND  OF  BITUMINOTTS  COAL. 

In  order  to  determine  more  perfectly  by  actual  burning  tests  the 
effect  of  different  kinds  of  treatment  on  the  heating  and  evaporative 
power  of  North  Dakota  lignite  carefully  conducted  laboratory  stove 
tests  were  made.  Average  samples  weighing  several  hundred  pounds 
were  taken  from  a  number  of  mines,  and  the  effect  of  differences  in 
moisture  content  and  in  size  of  lump  was  studied.  The  results 
were  compared  with  the  results  of  similar  tests  of  a  high  grade  of 
bituminous  coal,  namely,  a  selected  lot  of  screened  Youghiogheny 
coal.  The  tests  were  made  under  exactly  the  same  conditions  and 
therefore  permitted  a  close  comparison  with  the  sample  of  Youghio- 
gheny taken  as  a  standard.  The  idea  of  this  test  was  not  to  deter- 
mine the  absolute  theoretical  heating  power,  but  rather  to  determine 
by  actual  combustion  in  an  espccijilly  arranged  stove,  in  which  con- 
ditions could  be  perfectly  regulated,  the  heating  and  evaporative 
power  of  the  lignite  compared  with  the  Youghiogheny  standard.  So 
far  as  the  writer  has  been  able  to  ascertain,  no  other  such  series  of 
comparative  stovo  tests  of  our  lignites,  combining  the  practical  and 
scientific,  has  been  made.  The  series  mentioned  furnished  much  and 
valuable  information.     There  can  be  little  doubt  that  the  data  wiD 
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show  nearly  the  relative  heating  value  of  the  lignite  coal  as  it  is 
actually  burned  in  the  ordinary  stove. 

EQUIPMENT  USED   IN   THE   TESTS. 

In  order  to  carry  on  the  tests  in  the  most  satisfactory  maimer,  a 
special  design  of  stove  was  procured.  The  stove  was  simple  in  con- 
struction and  presented  a  large  evaporative  surface  over  which  the 
reservoir  for  water-evaporation  tests  could  be  readily  arranged.  A 
sliding  jacket  or  inclosure  to  prevent  any  modifying  effects  from  the 
atmosphere  of  the  room  was  provided. 

The  stove  was  set  up  in  a  small  basement  room.  The  tests  were  made 
in  an  inside  room  surrounded  on  all  but  one  side  by  other  rooms,  a 
closely  uniform  normal  or  starting  temperature  being  thus  insured. 
The  testing  stove  was  connected  with  a  chimney  having  a  good  draft, 
there  being  about  12  feet  of  pipe  between  the  stove  and  the  flue. 
The  pipe  was  provided  with  two  dampers  to  control  the  flow  of  air, 
and'  with  a  movable  cap  arranged  for  the  introduction  of  a  ther- 
mometer to  determine  the  temperature  of  the  flue  gases  and  having 
provision  for  sampling  the  gases  for  analysis.  Before  each  test  the 
draft  or  flow  of  air  through  the  stove  and  the  temperature  conditions 
where  carefully  r^ulated  by  means  of  an  anemometer  and  ther- 
mometers arranged  so  as  to  give  conditions  that  could  be  maintained 
practically  the  same  for  all  the  tests.  The  windows  and  the  doors 
were  kept  closed  during  the  tests.  The  temperature  was  taken  at 
the  start  of  each  test  by  means  of  thermometers  placed  in  different 
parts  of  the  room.  The  temperature  of  the  air  in  the  dome  above 
the  water  reservoir  was  taken  as  well  as  the  temperature  of  the  flue 
gases.  Careful  records  of  the  temperature  and  of  the  weight  of  the 
water  were  kept. 

MANNEB  OP  CONDUCTINO  THE   TESTS. 

The  fire  was  kindled  with  the  same  kind  of  material  and  the  same 
quantity  and  in  the  same  maimer  for  every  test.  The  same  quan- 
tity of  coal  was  weighed  out  each  time.  After  a  test  had  been 
started  records  were  taken  every  15  minutes  while  the  fire  lasted. 
The  record  showed  the  rise  of  temperature  of  the  air  of  the  room,  the 
rise  of  the  temperature  of  the  air  coming  from  the  dome  in  which  the 
water  reservoir  was  placed,  and  the  temperature  of  the  flue  gases. 

After  the  first  fire  was  out  and  the  stove  was  cold,  the  water 
remaining  was  weighed  and  the  total  evaporation  determined.  The 
ashes  were  removed,  weighed,  and  their  percentage  calculated.  The 
ashes  were  then  analyzed  to  determine  the  proportion  of  unconsumed 
combustible  that  they  contained.  The  total  number  of  degrees  that 
tte  air  of  the  room  had  been  raised  was  then  determined,  and  the 
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total  water  evaporation  from  the  reservoir  was  also  determined,  and 
from  the  results  the  relative  heating  and  evaporative  power  of  each 
sample  of  lignite  was  determined  and  compared  with  similar  values 
for  the  standard  bituminous  coal  used. 

Some  of  the  lignite  was  burned  after  having  been  broken  to  a  size 
to  pass  a  2^-inch  ring,  being,  therefore,  about  egg  size.     Qae  set  of 
samples  from  each  mine  was  tested  while  containing  the  moisture 
remaining  after  shipment.    Some  tests  were  made  of  lai^e  lumps  of 
lignite  6  to  10  inches  in  diameter.    Other  tests  were  made  of  egg-size 
liunps  of  lignite  from  which  the  moisture  had  been  largely  driven  off. 
Before  each  lot  of  coal  was  placed  in  the  stove  average  samples  were 
taken  and  analyses  made,  to  show  the  moisture,  volatile  matter,  fixed 
carbon,  and  ash.     The  theoretical  fuel  value  of  eadi  sample  of  lignite 
burned  was  calculated  and  compared  with  a  similar  estimate  from 
the  analysis  of  bituminous  coal  used  as  a  standard.    After  the  actual 
heating  power  based  on  the  increase  of  air  or  room  temperature  and 
the  amount  of  water  evaporated  had  been  ascertained,  the  theoretical 
and  actual  heating  values  of  each  sample  of  lignite  were  compared 
with  similar  values  for  the  bituminous  coal.    An  average  of  16  of 
these  stove  tests  of  ^g-sized  lignite,  its  moisture  content  being  the 
same  as  in  the  lignite  as  mined  and  marketed,  showed  about  50.6 
per  cent  of  the  heating  and  evaporative  value  of  the  standard  bitu- 
minous coal  in  a  corresponding  stove  test.     The  average  comparative 
heating  and  evaporative  values  of  the  egg-size  dried  lignite  in  the 
stove  tests  showed  65  to  75  per  cent  of  the  values  obtained  with 
the  standard  soft  coal.    Similar  averages  from  the  tests  of  the  lignite 
burned  in  large  lumps  showed  by  the  stove  test  about  40  per  cent  of 
the  values  of  the  standard  bitiuninous  coal  subjected  to  the  same 
tests. 

RESULTS   OF  THE  TESTS. 

From  these  tests  it  was  found  that  the  theoretical  values  and  the 
values  indicated  in  the  stove  tests  are  fairly  concordant.  The  highest 
heating  power  was  shown  by  the  dry  coal  and  the  lowest  heating 
power  was  shown  by  the  damp  lignite  when  burned  in  large  lumps. 
These  facts  are  significant,  as  they  show  at  once  that  there  is  consider- 
able loss  as  well  as  great  inconvenience  in  burning  lignite  in  large 
lumps.  The  writer  has  long  been  convinced  that  lignite  that  is  to 
be  used  in  stoves  should  be  broken  at  the  mine  to  a  comparatively 
uniform  size,  and  it  would  seem  that  lumps  of  about  3  inches  in 
diameter  are  about  right  for  most  purposes.  Coal  of  this  size  is  much 
more  easily  handled,  and  would  therefore  be  more  acceptable  to  the 
housewife  for  cooking  and  other  domestic  use.  There  is  a  great 
saving  to  the  consumer  in  the  use  of  dry  lignite.  Furthermore  the 
coal  bums  so  much  more  satisfactorily  that  it  is  better  liked  by  the 
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user,  and  as  those  not  accustomed  to  the  use  of  lignite  coal  always 
have  some  prejudice  to  overcome,  the  introduction  of  lignite  would 
be  greatly  helped  if  it  were  dry  and  teduced  to  uniform  and  moderate 
size  lumps.  Such  a  change  would  be  of  service  to  the  producers  in 
popularizing  their  coal. 


TABULATXD  DATA. 


In  order  to  show  the  system  adopted  in  the  comparative  tests 
described,  a  part  of  the  records  is  presented.  Presentation  of  the 
full  data  from  all  of  the  tests  does  not  seem  warranted,  but  the 
essential  results  of  the  heating  and  evaporative  tests  of  each  coal 
and  of  the  standard  bituminous  coal  are  presented  in  the  following 
table,  which  also  shows  the  composition  of  the  coal  as  determined  by 
cbemical  analyses: 

Rendts  of  comparative  heating  and  evaporative  tests  of  lignite  and  bituminous  coal. 


Conditioaor 
ooal. 

RoBults  of  chemical  analyses. 

Besults  from  burning  fuel  in  direct^lxaft 
store  of  special  type.              ^ 

Cod 

■mple 
Na 

Hofcture 
in  on- 
dried 
coal. 

Proportiona  of  oanstltu- 
ente  in  dried  coaL 

Propor- 

timof 

ash  in 

air-dried 

coal. 

Propor- 
tion of 
combua- 
tlble  re- 
maining 
in  ash. 

Eyapor- 

ativeefB- 

ciency. 

Heating 

Volatfle 
matter. 

Fixed 
carbon. 

Aah. 

ef&ciency« 

1 

Laige     faimps, 

moist. 

do 

Egg  sice,  moist.. 
.    .do 

Percent 
32.5 
82.0 
82.6 
81.4 
82.0 

Percent, 
38.7 
88.1 
38.7 
41.1 
88.1 
88.1 
86.0 
85.0 
81.0 

Peret, 
54.7 
54.2 
54.7 
50.8 
54.2 
54.2 
52.9 
46.8 
61.0 

Peret. 
6.6 
7.7 
6.6 
8.1 
7.7 
7.7 
11.1 
18.2 
8.0 

Percent. 

7.7 

17.8 

7.7 

Percent. 

Percent. 
36 
81 
46 

Per  cenL 
58 

3 

1 

4 

1.4 
.0 
1.1 
8.0 
1.3 

68 
60 

3 

....  .do. ......... 

9.7 
12.0 

41 
50 
50 
54 
100 

70 

3 

T^tx  ^ice.  drv^  - ' 

5 

.....do  ......... 

6 

.do 

87 

(a) 

1.4 

12.7 

6.4 

100 

a  YongMngheny  high-grade  bltominoos  ooal. 


COMMENTS  ON  THE  BESULTS. 


These  practical  burning  tests  give  much  reliable  information  con- 
cerning tbe  relative  value  of  lignite.  Although  the  results  did  not 
equal  those  with  the  high-grade  bituminous  coal  used,  still  the  heating- 
efficiency  percentage  was  sufficiently  high  to  show  a  fuel  of  much  value. 

The  lai^e  size  of  the  lignite  as  shipped  from  the  mine  is  a  cause  of 
real  difficulty  in  burning  it  in  ordinary  stove  and  heating  plants. 
Lumps  weighing  26  to  50  pounds  are  common  in  the  lignite  as  mar- 
keted. There  is  practically  no  sizing,  and  the  coal  used  for  small 
heating  stoves  is  supplied  in  as  lai^e  lumps  as  that  used  for  steam 
boilers.  At  the  mines  the  coal  should  be  broken  by  machinery  and 
graded  to  the  proper  size  for  use  in  stoves,  heating  plants,  and  steam 
boilers.  Persons  who  use  lignite  dislike  to  stop  to  break  it  when  they 
are  ready  to  use  it*    Too  large  lumps  do  not  give  sufficient  oxidizing 
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surface  but  give  too  open  a  fire  body,  A  fire  box  properly  filled 
with  egg-size  lignite  gives  a  compact  body  of  fire  and  still  presents  a 
much  larger  fuel  surface  than  if  the  lumps  are  larger.  Even  for  steam 
boilers  much  of  the  lignite  shipped  is  in  too  large  lumps.  The  coal 
prepared  in  smaller  lumps  is  not  only  easier  to  handle  but  seems  to 
stand  weathering  much  better.  It  also  seemingly  gives  much  better 
economy  in  burning,  even  under  boilers,  than  it  does  in  the  large 
lumps  as  they  come  from  the  mine. 

Proper  combustion  of  lignite  depends  largely  on  the  use  of  a  size 
of  coal  that  will  give  an  abimdant  air  surface.  Moreover,  the  stove 
should  have  a  good  draft  so  arranged  that  the  air  can  be  directed  up 
through  the  burning  coal,  but  so  that  it  can  easily  be  controlled  and 
closely  shut  down  when  a  low  heat  is  desired.  The  fire  box  should 
be  kept  weU  filled  with  coal.  Many  persons  fail  to  get  good  results 
because  they  do  not  have  sufficient  lignite  burning  to  keep  up  com- 
plete combustion  of  the  gases  and  do  not  properly  regulate  the  drafts* 

For  steaming  purposes  there  ia  no  doubt  but  that  great  improve- 
ment could  be  made  in  the  methods  generally  employed.  Many  fire- 
men in  using  lignite  quite  overlook  its  peculiar  physical  and  chemical 
characteristics,  such  as  its  tendency  to  slack  in  the  fire  box,  its  lack 
of  density,  its  noncoking  qualities,  its  high  percentage  of  moisture, 
and  its  richness  in  light  volatile  gases,  and  endeavor  to  operate  their 
furnaces  much  the  same  as  they  would  in  the  use  of  ordinary  bitumi- 
nous coal.  The  result  is  a  high  fuel  combustion,  extra  labor  costs, 
and  loss  of  boiler  efficiency.  But  when  the  peculiar  characteristics 
of  lignite  are  carefully  considered  in  the  selection  of  boiler  grates  and 
combustion  chambers,  and  in  the  methods  of  burning,  a  great  saving 
can  be  eflfected. 

A  matter  of  fundamental  importance  in  any  successful  method  of 
using  lignite  is  the  proper  consumption  of  the  large  volume  of  light 
volatile  gases  present  in  all  lignites.  In  the  ordinary  furnace  and 
boiler  construction  the  heating  power  of  a  considerable  proportion  of 
these  gases  is  insufficiently  utilized  or  they  pass  out  with  the  flue  gases 
almost  entirely  unbumed. 

EXAMPIiES  OF  EFFECTIVE  TTTIUZATION  OF  UGNITE  IN  POWSB- 

PLANT  BOILEBS. 

USB  IN  ELEOTBIO  POWER  PLANT. 

An  especially  successful  utilization  of  lignite  and  lignite  waste  was 
made  by  Mr.  C.  L.  Larsen,  chief  engineer  of  the  Hughes  Electric  Co., 
of  Bismarck,  N.  Dak.  Keferring  to  the  fact  that  many  people  do 
not  economically  bum  raw  lignite,  Mr.  Larsen  says:** 

They  have  not  learned  the  real  value  of  lignite  or  how  to  obtain  the  best  results. 
Some  people  will  order  a  few  sample  carloads  and  before  the  fireman  has  used  half  a 

a  In  a  communication  to  the  author. 
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or  of  it  lie  will  condemn  the  coal,  and,  if  the  engineer  has  had  no  previoub  experi- 
ence in  burning  lignite  he  will  soon  fall  in  line  with  the  fireman,  with  the  result 
tint  the  lignite  ia  rejected  entirely. 

LABGE  LUMPS  UNDBSIBABLE. 

Speaking  further  of  the  use  of  lignite^  Mr.  Larsen  writes  as  follows: 

To  break  up  lamp  coal  to  1-inch  and  2-inch  sizes  requires  too  much  time  and  labor 
for  the  fireman;  nevertheless  this  is  the  size  that  gives  the  best  rents' when  used 
with  a  forced  draft — ^but  not  as  strong  a  draft  as  some  people  think  who  complain  of 
not  enough  draft. 

PBOPEB  DRAFT  ESSENTIAL. 

The  id^  furnace  condition'  is  that  of  supplying  just  the  amount  of  air  necessary 
for  complete  combustion  of  the  fuel;  and  the  combustion  should  be  nearly  complete 
in  the  furnace,  which  can  not  be  done  with  natural  draft. 

I  am  very  much  in  favor  of  a  balanced  draft.  It  may  not  be  understood  what  is 
meant  by  a  balanced  draft;  I  will  therefore  explain  it  a  little  more  thoroughly.  A 
balanced  draft  is  obtained  by  regulating  the  air  pressure  under  the  grates  and  the 
dampers  in  the  smokestack  to  such  an  extent  that  the  pressure  in  the  furnace  is  the 
same  as  that  of  the  outside  atmosphere. 

It  is  not  easy  to  maintain  a  balanced  draft  as  the  thickness  of  the  fire  and  the  demand 
lor  more  steam  interfere  with  the  adjustment  of  the  dampers  In  the  stack  and  the 
blast  gates;  but  it  is  advisable  to  keep  the  draft  as  nearly  balanced  as  possible  for  the 
reason  that  the  fire  doors  must  be  opened  rather  frequently  in  burning  lignite,  and  if 
the  draft  is  too  strong  more  air  than  is  needed  is  supplied,  and  the  excess  air  reduces 
the  temperature  of  the  furnace.  This  is  proved  by  analyzing  and  taking  the  tem- 
perature of  flue  gases  resulting  from  the  use  of  a  balanced  draft.  We  can  maintain 
from  14  to  16  per  cent  CO2  and  a  flue-gas  temperature  of  450^  F,  But  by  opening 
the  damper  enough  to  produce  a  12/100-inch  water  draft  and  then  opening  one  of  the 
firo  doors,  in  a  ^ort  time,  less  than  10  seconds,  the  CO2  will  drop  to  9  per  cent;  this 
indicates  that  about  20  per  cent  excess  air  is  admitted  to  the  furnace. 

IMPORTANCE  OF  HIOH  TEMPERATURE  IN  FURNACE. 

The  temperature  of  flue  gases  is  deceiving  when  lignite  is  being  burned,  as  it  bums 
much  like  wood. 

In  the  burning  of  coal  dc^composition  always  precedes  combustion;  hence  the  greater 
the  amount  of  volatile  combustible  contained  in  the  coal  the  greater  the  flame  volume 
and  the  greater  the  length  of  flame,  and  the  probability  of  greater  loss  by  the  low  tem- 
perature of  the  flame.  As  our  lignite  contains  much  volatile  matter  and  is  low  in 
Axed  carbon,  an  excess  of  air  will  rush  the  flame  through  the  boiler  and  produce  a 
low  temperature  of  flue  gases,  also  a  low  temperature  in  the  furnace. 

In  order  to  obtain  a  high  efficiency  from  lignite,  a  high  temperature  is  required  in 
the  furnace,  and  this  can  be  obtained  by  a  suitable  grate.  I  have  found  that  a  flat 
3aw-du8t  grate  with  ^inch  round  holes  gives  the  best  results.  Such  grates  contain 
only  15  per  cent  air  space,  but  by  having  small  openings  we  can  maintain  a  higher 
air  pressure  in  the  ash  pit,  and  the  air  passes  through  the  small  holes  and  through 
the  bed  of  fuel  at  a  greater  velocity,  which  produces  a  high  temperature  in  the  fur- 
nace, and  as  the  volume  is  small,  the  heat  is  not  rushed  through  the  boiler  and  up 
the  smokestack,  but  is  absorbed  by  the  water  in  the  boiler,  and  a  low  temperature 
in  the  smokestack  is  obtained. 

1888^— BuU.  89—15 2 
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Under  such  oonditionB  with  a  good  boiler  and  setting  a  pound  of  lignite  contain- 
ing 35  per  cent  moisture,  6  per  cent  ash,  and  7,000  B.  t.  u.  will  evaporate  nearly 
5  pounds  of  water  per  pound  of  fuel. 

BOILER  SHOULD   NOT  BE  CROWDED. 

Such  results  can  be  obtained  when  a  boiler  is  not  crowded  above  its  rated  capacity, 
say  3  pounds  of  water  per  square  foot  of  heating  surface,  as  we  can  not  force  a  boiler 
much  over  its  rated  capacity  with  lignite. 

It  is  therefore  advisable  not  to  bum  lignite  under  boilers  that  are  forced  as  can  be 
done  with  good  Eastern  coal.  We  can  force  a  lignite  fire  to  bum  60  pounds  of  coal 
per  square  foot  of  grate  surface  per  hour,  and  not  make  any  more  steam  than  when 
burning  50  x>ounds  per  square  foot  of  grate  surface,  owing  to  the  excess  air  which  has 
carried  away  10  pounds  of  cool  per  square  foot  of  grate  Sur&ce,  or  70,000  B.  t.  u.  with 
a  boiler  having  30  square  feet  of  grate. 

It  will  be  seen  that  Mr.  Larsen's  statements  of  the  methods  he 
employs  so  successfully  are  well  borne  out  by  the  data  presented  in 
the  foregoing  pages  with  reference  to  the  characteristics  of  lignite 
and  the  proper  methods  of  burning  this  fuel. 

EXPERIMENTS   BY  BANDALL   AND   KREISINGER. 

Some  excellent  investigations  as  to  the  proper  use  of  lignite  as  a 
fuel  for  power-plant  boilers  were  carried  on  by  Randall  and  Kreis- 
inger.**  The  conclusions  reached  were  that  for  best  results  the 
lignite  should  be  reasonably  low  in  moisture  and  that  the  combustion 
chamber  should  be  sufficiently  large  and  of  such  construction  that 
the  light  liberated  gases  should  be  retained  and  heated  to  combustion 
temperature  before  being  permitted  to  pass  out  as  flue  gas. 

For  the  tests  mentioned  a  modification  of  the  so-called  Dutch-oven 
type,  a  sort  of  semiproducer  style,  was  adopted.  The  author's  in- 
vestigations lead  him  to  believe  that  some  modification  of  this  general 
type  of  combustion-oven  construction  is  best  adapted  for  the  direct 
use  of  lignite  for  steaming  purposes.  A  few  extracts  ^  from  the  report 
of  the  investigators  mentioned  will  give  a  more  comprehensive  idea 
of  the  construction  and  operation  of  this  type  of  boiler  furnace  and 
the  results  achieved.    The  extracts  follow: 

CONSTRUCnON  OP  FURNACB   USED. 

The  most  striking  features  in  the  construction  of  the  furnace  are  the  deep-set  grate 
and  the  contraction  of  the  space  between  the  bridge  wall  and  the  end  of  the  prolonged 
fire-brick  arch.  The  grate  is  21  inches  below  the  lower  edge  of  the  firing  door.  The 
object  of  this  constniction  is  to  enable  the  fireman  to  carry  a  thick  fuel  bed  and  still 
see  its  condition  at  the  top.  The  side  furnace  door  used  in  removing  clinkers,  is  only 
7  inches  above  the  grate. 

a  Randall,  D.  T.,  and  Kreisinger,  Henry,  North  Dacota  lignite  as  a  fuel  for  power-plant  boilers:  BuIL 
8,  Bureau  of  Mines,  1912, 42  pp.,  1  pi.,  7  fi^. 
b  Randall,  D.  T.,  and  ^Creisinger,  Henry,  op.  cit.,  pp.  7, 8, 40, 
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METHOD  OF  OPEBATINO  ITTRNACE. 

The  furnace  ib  designed  to  work  on  the  gafl-prodncer  principle.  The  solid  fuel  ia 
gaafled  on  the  grate  and  the  gas  passes  through  the  space  under  the  arch  into  the 
combustion  ch&mher,  where  most  of  the  gaseous  combustlhle  bums.  The  necessary 
air  for  combustion  is  added  through  the  openings  in  the  bridge  wall.  This  air  ia 
preheated  to  200^  to  300^  F.  in  coils  and  forced  into  the  furnace  under  a  pressure  of 
0.5  to  1  inch  of  water.  Owing  to  the  location  and  direction  of  these  air  openings, 
the  air  is  blown  in  jets  into  the  comparatively  slow  moving  body  of  combustible  gas, 
thereby  causing  considerable  stirring,  so  that  the  gases  and  the  air  form  a  fairly  homo- 
geneous mixture.  A  small  quantity  of  air  is  also  added  through  the  openings  in  the 
roof  of  the  furnace.  Although  there  is  some  combustion  above  the  fuel  bed,  the 
greater  part  of  the  gases  bums  below  the  contracted  arch  and  back  of  the  bridge  wall, 
after  air  has  been  added  through  the  openings.  With  rate  of  combustion  exceeding 
about  25  pounds  of  coal  per  square  foot  of  grate  the  flames  extend  even  into  the  space 
above  the  arch. 

The  furnace  is  equipped  with  a  rocking  grate  consisting  of  two  rows  of  grate  bars. 
Each  row  is  connected  with  two  shaking  levers  in  such  a  way  that  by  shaking  one 
lever  altemate  bars  in  the  row  are  rocked.  Each  grate  bar  is  supported  by  a  2-inch 
pipe,  through  which  cold  air  circulates;  the  object  is  to  keep  the  grate  bars  and  the 
aah  immediately  above  them  cool,  so  that  the  ash  will  not  fuse  and  adhere  to  the 
cold  bars. 

The  combination  of  boiler  and  furnace  setting  described  gives  good  results  with 
North  Dakota  lignite.  Steam  can  be  made  with  a  fuel  efficiency  of  55  to  58  per  cent 
of  the  heat  in  the  cocJ,  and  no  difficulty  is  experienced  in  obtaining  the  full  capacity 
of  the  boiler. 

COMMENTS   ON   THE    EXPERIMENTS. 

The  tests  mentioned  showed  results  closely  similar  to  those  ob- 
tained by  others  who  have  used  somewhat  the  same  type  of  furnace 
construction  in  the  burning  of  lignite.  It  is,  therefore,  plainly  evi- 
dent that  great  improvement  can  be  made  in  the  ordinary  results 
obtdned  in  bunung  lignite  under  boilers.  In  the  experiments  alluded 
to  the  lignite  was  crusbed  to  the  size  in  which  it  would  give  the  best 
results.  Too  large  lumps  do  not  give  even  oxidizing  surfaces.  In 
some  places  the  surface  is  insufficient  and  in  other  places  the  fire 
body  is  too  open.  As  has  been  previously  stated,  a  fire  box  properly 
filled  witb  egg-size  lignite  gives  a  compact  body  of  fire  and  still  pre- 
sents a  much  larger  fuel  surface. 

IMPOBTANCE  OF  PBOPEB  FntCTG  OF  LIOIOTE. 

Proper  combustion  of  lignite,  as  was  stated  in  a  previous  para- 
graph, depends  largely  on  using  a  size  of  coal  that  will  give  an  abun- 
dant air  surface,  but  in  addition  a  good  draft  should  be  so  arranged 
that  the  air  can  be  directed  through  the  burning  coal  to  the  best 
advantage  and  can  easily  be  controlled  and  closely  shut  down  when 
it  is  desired  to  hold  the  coal  at  a  relatively  low  heat.  The  fire  box 
should  be  kept  reasonably  well  filled,  but  the  firing  should  be  done 
frequently  by  the  application  of  thin  layers  of  fuel  to  the  surface 
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of  the  bed  of  hot  lignite.  The  ash  and  clinker  should  be  removed 
carefully  and  at  sufficient  rate  to  prevent  an  accumulation  of  clinkers. 

Many  firemen  fail  to  get  good  results  in  the  use  of  lignite  because 
of  imeven  firing.  The  fire  is  allowed  to  run  low  and  then  a  large 
quantity  of  the  lignite,  much  of  it  in  large  limips  and  carrying  a  high 
percentage  of  moisture,  is  introduced.  The  large  addition  immedi- 
ately slackens  the  fire  and  materially  reduces  the  temperature  in  the 
fire  box,  and,  by  the  formation  of  considerable  vapor,  reduces  stiB 
further  the  temperature  of  the  gases,  the  heat  from  which  should  be 
left  for  boiler  absorption.  By  such  firing  it  is  impossible  to  keep  a 
uniform  load  with  a  high  boiler  efficiency,  and  much  loss  of  fuel  is 
experienced.  By  using  coal  of  reasonably  small  size  and  firing  in 
thin  layers  frequently,  this  difficulty  is  reduced  to  a  minimum. 

Many  details  contribute  to  success  or  failure  in  the  utilization  of 
lignite,  and  the  features  mentioned  should  be  kept  well  in  mind  in 
selecting  boilers,  grates,  and  combustion  chambers  as  well  as  in  the 
method  of  operating  and  firing. 

■ 

TTSE  OF  PTTLVEBIZED  LIGITITB. 
IMPORTANCE   OP  PROPER  COMBUSTION. 

There  is  little  doubt  that  the  most  perfect  combustion  of  highly 
gaseous  coals  like  lignites  coidd  be  brought  about  by  burning  the 
pulverized  material  in  a  properly  constructed  combustion  chamber 
in  a  draft  of  air.  Such  a  method,  to  a  limited  degree,  has  been  em- 
ployed with  bituminous  waste  for  years  in  connection  with  several 
industries  in  which  large  ovens  are  used,  but  the  machinery  and 
appliances  required  have  hitherto  been  too  large  and  costly  to  permit 
their  general  adoption  in  small  heating  or  boiler  plants.  There  seems 
no  good  reason  why  some  satisfactory  method  of  using  lignite  in  this 
manner  in  small  plants  can  not  eventually  be  evolved.  Pulverization 
of  higlily  gaseous  lignites  produces  fuel  with  properties  closely  similar 
to  those  of  crude  petroleum  or  crude  gas ;  in  fact,  pulverized  highly 
gaseous  coal  like  dry  lignite,  when  fed  into  a  furnace  with  an  air 
blast,  gives  very  largely  a  gaseous  fuel. 

ADVANTAGES   OF   THE   METHOD. 

With  the  temperature  of  the  furnace  or  combustion  chamber  once 
at  the  proper  point,  by  means  of  valves  the  relative  supply  of  coal 
and  air  can  be  regulated  so  quickly  and  so  perfectly  that  nearly 
complete  combustion  of  the  heat-producing  constituents  can  be 
obtained.  Besides,  with  the  proper  equipment,  the  feed  and  the  fire 
should  be  closely  uniform,  almost  automatic,  and  requiring  compar- 
atively little  work  from  the  fireman.     When  dry  pulverized  li^te 
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can  be  used  in  small  boiler  settings  to  advantage,  there  is  no  reason 
why  it  should  not  produce  a  relatively  high  heating  eflEiciency,  for, 
m  a  proper  combustion  chamber,  besides  the  combustion  of  fixed 
carbon,  this  method  would  utilize  nearly  all  of  the  volatile  gases, 
whidi  have  high  calorific  power,  a  proportion  of  which  is  lost  by 
the  ordinary  methods  of  combustion  to  which  lignite  is  subjected. 

PBODTJCEB  GAS  FBOK  LIGNITE. 
FROORESS   IN  THE  PAST   10  TEARS. 

For  the  production  of  power  in  moderately  large  plants,  it  is  clear 
that  lignite  coal  can  be  used  to  advantage  by  converting  it  into  pro- 
ducer gas  and  using  the  gas  in  an  internal-combustion  engine.  Dur- 
mg  the  past  10  years  considerable  progress  has  been  made  in  the 
adaptation  of  producer  plants  for  the  use  of  Ugnite,  and  the  results 
obtamed  in  commercial  plants  scattered  over  several  of  the  lignite 
States,  and  in  tests  made  by  the  Government,  indicate  that  this 
method  of  utilizing  lignite  can  be  successfully  and  economicaQy 
employed  in  many  instances  and  that  there  is  an  opportunity  for 
considerable  expansion  in  the  use  of  this  type  of  power  producer. 

PRINCIPLE   OF  MAKING  PRODUCER   GAS. 

Producer  gas  is  derived  from  the  incomplete  combustion  of  a  rather 
thick  bed  of  fuel  held  in  a  specially  devised  combustion  and  gas- 
producing  chamber.  Unlike  the  production  of  ordinary  coal  gas, 
there  is  little  or  no  residue  of  coke  left  in  the  producer,  but  the  coal 
is  in  part  converted  into  gas  by  the  combustion  of  the  remaining  part. 
To  bring  about  this  transformation  to  the  best  advantage  and  to  sup- 
ply a  larger  amount  of  hydrogen  and  carbon  monoxide,  steam  is  com- 
monly introduced  into  the  chamber  during  the  burning  of  the  coal.    ' 

RESULTS   OP  GOVERNMENT  TESTS  AT  ST.   LOUIS. 

During  the  World's  Fair  in  St.  Louis,  a  model  producer-gas  plant 
was  put  in  operation  by  the  United  States  Government.  Surpris- 
ingly successful  results  in  the  production  of  power  gas  were  obtained 
by  the  use  of  widely  different  coals.  Arrangements  were  made  for 
the  testing  of  two  or  three  carloads  of  North  Dakota  lignite  at  the 
plant.  The  results  were  most  satisfactory.  North  Dakota  lignite 
used  in  the  producer  plant  gave  an  excellent  grade  of  producer  gas. 
Similar  tests  were  made  with  lignites  from  other  localities,  and  with  a 
lai^e  number  of  samples  of  bituminous,  anthracite,  and  other  grades 
of  coal. 
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TABULATED  DATA. 


The  composition  of  producer  gas  varies  greatly  with  the  different 
fuels  from  which  it  is  derived.  The  following  table,  made  from  the 
results  of  tests  reported  by  Femald  and  Smith,*  gives  for  each  of 
several  different  grades  of  coal  the  analysis  and  relative  heating  and 
power-producing  quality  and  the  comparative  consumption  of  coal 
per  unit  of  power  produced  by  xise  in  the  steam  engine  and  the  pro- 
ducer-gas plant. 

Results  of  gas-producer  and  sieaTn^-engine  tests  of  different  grades  of  coal. 


Item. 


Carbon  dioxide,  per  cent 

Carbon  monoxide,  per  cent 

Hydrogenjper  cent. 

If  ethane  (Ch*),  per  cent 

Nitrogen,  per  cent 

Ethylene  (C2H4),  per  cent 

Heat  units  per  cuoic  foot  of  eas,  B.  t.  u 

Dry  coal  consumed  by  producer  plant,  per  switch- 
board per  horsepower-hour,  pounds 

Dry  coafoonsumed  in  steam  engine,  per  switchboard 
per  horsepower-hour,  pounds 


Virginia 
semi- 
anthra- 
cite coal. 


10.2 
19.1 

ao.5 

1.9 

48.2 

0,1 

190.7 

1.29 

4.46 


Ohio 
bitumi- 
nous 
coal. 


9.0 
20.2 
15.3 

2.7 
52.3 

0.5 
16&2 

L44 

3.97 


North 
Dakota 
lignite. 


S.69 
20.90 
14.33 

4.85 
51.02 


164.1 
2.29 
6.47 


Texas 
lignite. 


11.10 
14.43 
10.54 
7.48 
56.23 


169.7 
2.22 
7.45 


Colorado 
lignite. 


10.11 
17.38 
1L05 
5.00 
55.91 


149.0 
L71 
485 


ADVANTAGES   OF  MAKING   PRODUCER   GAS   FROM   LIGNITE. 

Although  it  is  true  that,  per  cubic  foot,  the  heat  value  of  producer, 
gas  is  low  as  compared  with  that  of  natural  gas  or  coal  gas,  it  being 
about  one-jSf  th  that  of  ordinary  city  coal  gas,  the  volume  of  producer 
gas  derived  from  a  ton  of  coal  is  so  large  as  to  more  than  compensate 
for  the  difference  in  value.  Because  of  the  relatively  large  volume 
of  gas  produced,  and  the  ease  and  cheapness  of  the  process,  the 
final  cost  per  thousand  feet  of  producer  gas  is  low. 

LIGNITE   PRODUCER   GAS   IN  TEXAS. 

Lignite  has  been  considerably  used  for  producer-g€«  purposes  in 
Texas.     In  this  connection  Phillips  ^  says: 

Dxiring  the  past  few  years  there  has  been  a  marked  increaee  in  the  use  of  lignite 
for  making  gas  in  gas  producers.  The  gas  thus  made  is  used  for  power  in  gas  engines 
of  special  design,  or  for  fuel  for  burning  lime,  etc.  So  far  as  known  the  gas  is  not  used 
in  Texas  for  burning  brick,  sewer  pipe,  tiling,  etc.,  although  it  would  certainly  be 
well  adapted  for  such  purposes. 

There  have  been  installed  in  this  State  56  producers  for  making  gas.  »  *  *  The 
success  that  has  been  reached  in  the  smaller  plants  indicates  the  adaptability  of  the 
producer  and  gas  engine  to  reqidrements  Varying  from  50  to  250  horsepower,  quite  as 
well  as  to  the  larger  uses. 


o  Femald,  R.  H.,  and  Smith,  C.  D.,  R^um4  of  producer-gas  Investigations,  Oct.  1, 1904,  to  June  30, 1910: 
Bull.  13,  Bureau  of  Mines,  1911,  pp.  108, 170, 174, 208, 212,  290,  292, 293,  294, 302, 304, 300. 
6  Phillips,  D.  McN.,  The  use  of  producer  gas  in  Texas:  Univ.  of  Texas  Bull.  189, 1911,  pp.  59,  60,  61. 
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It  is  beyond  qneetion  that  a  very  active  interest  is  now  being  shown  in  the  use  of 
producer  gas  made  from  lignite,  and  as  experience  is  gained  both  in  the  handling  of 
the  various  types  of  producers,  and,  mere  especially,  in  the  design  and  constriction 
of  engines  for  using  lazge  volumes  of  gas  of  low-heating  power,  the  use  of  lignite  will 
be  extended. 

GENERAL  VALUE  OF  PRODUCER  GAS. 

Femald  and  Smith  *  have  made  a  valuable  and  extensive  report 
on  producer-gas  investigations.  Pertinent  abstracts  ^  from  their 
report  follow: 

The  abundance  of  natural  gas  and  the  multiplicity  of  uses  to  which  it  has  been 
applied  have  led  to  a  much  greater  appreciation  of  the  advantage  of  gaseous  fuel, 
and  havehelped  to  emphasize  the  value  of  the  gas  producer.  During  the  past  few  years 
there  has  been  great  development  in  the  utilization  of  producer  gas,  not  only  for  power 
pTiipooo3  and  in  the  manufacture  of  iron  and  steel,  but  in  other  industries  as  well. 

SPECIFIC  USES  POSSIBLE. 

Among  the  uses  to  which  producer-gas  fuel  has  been  put  are  annealing,  japanning, 
enameling,  soldering,  brazing,  galvanizing,  drying,  evaporating,  tempering,  case- 
hardening,  type  casting,  yam  singeing,  heating  molds,  wash  kettles,  ladles,  stoves, 
baker's  ovens,  and  cooking.  It  has  also  been  used  rather  extensively  in  brick,  lime, 
and  cement  kilns,  and  in  various  types  of  ore-roasting  furnaces. 

RELATIVBLT  LOW-HSAT  VALUE  MUST  BE  CONSIDERED. 

In  using  producer  gas  as  a  fuel  one  should  remember  that  the  heat  value  of  the  gas 
is  low  compared  to  that  of  the  other  gases  used  for  similar  purposes,  with  the  exception 
of  blast-furnace  gas.  Nattiral  gas  has  an  approximate  average  heat  value  of  1,000 
B.  t.  Ti.  per  cubic  foot;  the  heat  value  of  artificial  or  ordinary  city  gas  is  about  650 
B.  t.  u.  per  cubic  foot;  whereas  the  heat  value  of  producer  gas  ranges  from  100  to  275 
B.  t.  u.  per  cubic  foot,  according  to  the  method  of  production.  This  relatively  low- 
heat  \9hxe  must  be  taken  into  account  when  considering  the  method  of  application. 
In  Bpite  of  its  low-heat  value  producer  gas  is  usually  cheaper  for  work  requiring 
relatively  large  quantities  of  gas  than  any  other  fuel,  with  the  possible  exception  of 
natural  gas  sold  at  a  low  price. 

The  introduction  of  producer-gas  fuel  for  all  types  of  service  necessarily  requires 
at  the  present  time  a  certain  amount  of  careful  engineering  promotion,  owing  to  the 
uncertainty  that  exists  regarding  its  successful  use  in  fields  in  which  natural  or  arti- 
ficial gas  or  even  solid  fuels  have  been  in  vogue  for  years. 

In  many  possible  applications  of  producer  gas  as  a  fuel  there  seems  to  be  little  if 
any  gain  over  direct  firing  with  coal.  Opinions  differ  regarding  this  point,  many 
claiming  that  there  is  always  a  considerable  saving  in  favor  of  producer  gas.  The 
difference  either  way  is  probably  small,  but  other  considerations  are  frequently  of 
rach  importance  as  to  give  producer  gas  a  great  advantage.  Under  conditions  requir- 
ing uniformity  of  temperature  for  continued  periods,  or  variations  in  temperature  at 
positive  intervals,  the  ease  with  which  the  supply  of  producer  gas  can  be  regulated 
insures  results  that  would  be  entirely  impossible  with  solid  fuel.  Producer  gas  may 
also  be  employed  with  comparative  ease  as  a  reducing  agent. 

a  Femald,  R.  H.,  and  Smltb,  C.  D.,  Rtetimd  of  prodaoepgas  Investigatiozis,  October  1, 1904,  to  June  30, 
1910:  Bull.  13,  Bureau  of  Mtoes,  1911, 393  pp.,  12  pis.,  250  figs, 
i  Femald,  R.  H.,  and  Smith.  C.  D.,  op.  dt.,  pp.  34, 35, 36. 
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Under  the  simple  conditions  required  for  boiler  heating,  it  is  questionable  whether 
any  advantage  is  to  be  obtained  by  the  use  of  producer  gas  except,  possibly,  whe^e 
low-grade  fuels  are  biimed.  There  are  many  fuels  that  can  be  utilized  to  advantage 
in  the  gas  producer  that  can  not  be  employed  in  direct  steam-boiler  firing. 

GENERAL  COIUMENTS. 

There  axe  many  advantages  to  be  gained  in  converting  low-grade 
fuel  into  gas  when  the  uses  to  which  it  is  to  be  put  and  other  condi- 
tions will  permit.  Of  course  for  many  purposes  such  conversion 
can  not  be  made^  but  for  power  and  for  many  industrial  purposes 
such  gas  has  the  advantage  of  being  readily  controlled,  so  far  as  the 
intensity  and  the  application  of  heat  are  concerned,  and  it  may  be 
handled  with  little  labor  compared  with  that  required  when  coal  is 
used  in  the  ordinary  condition. 

Producer  gas  from  lignite  would  imdoubtedly  make  a  highly  sat^ 
isf actory  fuel  for  use  in  burning  brick  and  other  clay  products  and, 
although  it  has  not  been  so  utilized  to  any  great  extent  up  to  the 
present,  it  is,  however,  attracting  the  attention  of  the  manufacturers 
of  such  products. 

In  1910  it  was  estimated  that  4  per  cent  of  the  producer  plants  in 
use  were  operating  upon  lignite.  It  is  probable  that  the  success 
thus  far  attained  by  these  plants  will  soon  stimulate  a  much  more 
extensive  use  of  lignite  producer  gas  for  certain  types  of  power 
plants. 

BBIQUETTED  LIGNITE. 
BRIQUETS   COMPARED   WITH  OTHER  FUEL. 

At  the  present  time  undoubtedly  by  far  the  largest  use  of  lignite 
is  for  domestic  purposes — in  heating  plants,  stoves,  ranges,  etc. 
For  such  use  most  of  the  lignite  is  supplied  in  sizes  ranging  from 
large  lumps  to  pieces  about  the  size  of  those  in  slack,  careful  sizing 
being  employed  rarely.  The  lignite  is  generally  used  in  the  most 
simple  manner.  Few  special  methods  for  burning  or  utilizing  the 
lignite  or  for  specially  preparing  it  for  the  market  have  been  adopted. 
However,  there  can  be  little  doubt  but  that  for  most  purposes, 
particularly  for  general  stove  and  furnace  use,  briquetted  lignite 
would  be  the  most  desirable  form  in  which  the  lignite  could  be  pre- 
sented on  the  market;  and  Ugnite  briquets  of  good  quaUty  and  at 
a  reasonable  price  should  prove  a  most  satisfactory  and  profitable 
fuel.  Considerable  success  has  been  attained  in  the  briquetting  of 
both  anthracite  and  bituminous  coal  wastes,  and  the  lignites  of 
Germany  have  been  briquetted  with  some  degree  of  success.  But 
the  briquetting  of  anthracite  and  bituminous  coal  waste  is  an  entirely 
different  problem  from  the  briquettmg  of  lignite,  and  the  difficulties 
to  overcome  are  comparatively  simple.     The  German  lignite  also 
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is  of  such  character  and  composition  that  it  can  he  briquetted  with 
comparative  ease.  Furthermore,  when  binding  materials  are  required 
for  the  German  lignite,  such  materials  and  the  labor  necessary  can 
both  be  obtained  at  a  much  lower  cost  in  Germany  than  in  this 
country. 

However,  the  process  briefly  explained  in  the  following  pages  is 
proving  so  successful  in  the  experimental  plant  that  there  now  seems 
little  doubt  but  that  if  a  briquetting  plant,  in  conjunction  with  a 
gas-producing  plant,  is  operated  according  to  the  principles  and 
methods  described  a  variety  of  by-products  can  be  saved  and  utilized 
and  that  the  residue,  after  the  gas  has  been  driven  oflf ,  can  be  success- 
fully briquetted  into  a  concentrated  and  valuable  fuel. 

THE  PBODTJCTION  OF  JAQNTTE  GAS. 
GASEOUS   CONSTirTJENTS  OF  LIGNITE  EASILY  DISTILLED. 

Repeated  experiments  with  Ugnite  have  made  it  clearly  evident 
that  lignite  contains  in  addition  to  its  high  moisture  oontent  two 
widely  different  fuel  constituents,  namely,  a  large  proportion  of 
light  gases,  which  pass  off  at  a  comparatively  low  temperature, 
leaving  a  residue  in  character  between  coke  and  charcoed,  which 
requires  a  much  higher  temperature  for  combustion  and  bums  more 
slowly  than  the  hghter  constituents.  The  residue  does  not  coke, 
but  remains  as  powder  or  slack,  which  checks  the  draft  and  is  slow 
ia  oxidation.  The  gases,  however,  are  volatile  and  are  easily  driven 
off  from  the  coal  at  a  comparatively  low  temperature.  As  a  result 
they  are  distilled  off  quickly  in  the  ordinary  methods  of  burning  and 
are  either  burned  with  a  flashy  flame  or  are  lost,  in  a  large  degree 
unconsumed,  with  the  flue  gases.  Thus  there  is  an  uneven  com- 
bustion of  lignite,  and  it  is  impossible  with  the  ordinary  type  of  fur- 
nace and  fire  box  to  obtain  a  high  degree  of  efficiency  in  its  con- 
sumption. 

PBELIMINABY  LABOBATOBY  EXPEBOfENTS. 

The  first  work  in  a  systematic  research  as  to  the  production  of 
gas  from  lignite  coal  and  the  utilization  of  the  by-products  was  of  a 
preliminary  nature.  It  was  carried  on  in  a  small  way  with  laboratory- 
apparatus  in  testing  a  large  number  of  hgnite  and  ordinary  gas  coals 
for  the  purpose  of  obtaining  a  general  idea  of  the  comparative 
quaUty  and  character  of  the  gas,  tar,  and  residue  produced  by  each 
of  the  coals,  of  the  temperature  required  for  most  efficient  work 
with  the  various  coals,  and  of  the  probable  amount  of  ordinary 
by-products  obtainable  from  each  under  the  conditions  employed. 

The  lignite  samples,  collected  from  different  areas  by  the  author  and 
his  assistants,  were  subjected  to  a  great  variety  of  prehminary  tests. 
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This  work  required  much  time  and  labor,  but  gave  most  valuable 
information  which  was  utilized  in  planning  the  later  and  more  syste- 
matic attacks  on  lignite-gas  problems.  The  results  proved  conclu- 
sively that  the  gas  from  the  lignites  of  diflFerent  deposits  is  closely 
similar,  that  it  may  be  removed  at  nearly  the  same  temperature,  and 
that  a  residue  and  by-products  of  a  general  similarity  are  left  although 
the  quantity  of  each  varies  considerably.  The  main  products  and 
by-products  thus  obtained  were  compared  with  those  obtained  from 
ordinary  gas  coals  tested  by  the  same  processes.  All  of  this  prelimin- 
ary work  was  most  suggestive  as  to  the  possibility  of  the  profitable 
production  of  lignite  gas. 

EXPEBIMENTAI/-LABOBATORY   EQUIPMENT. 

The  next  step  in  the  investigation  was  the  designing  and  erection 
of  a  small  working  lignite  plant  adapted  to  laboratory  methods  but  of 
sufficient  size  to  approximate  more  closely  the  methods  that  might 
ordinarily  be  used  in  the  manufacture  of  gas  from  lignite. 

The  plant  was  constructed  and  operated  as  follows: 

A  cast-iron  retort  is  arranged  so  as  to  form  a  small  gas  bench  similar 
to  that  ordinarily  used  in  gas  works.  The  retort  has  a  capacity  of 
about  40  pounds  at  a  charge  and  is  heated  by  a  coal-fired  bench.  The 
retort  is  fitted  for  pyrometer  tubes,  and  readings  are  taken  constantlv 
during  each  run. 

Provision  is  made  for  running  small  charges  of  coal  by  the  use  of  a 
small  furnace  and  retort.  For  special  purposes  when  it  is  desirable  to 
use  a  still  smaller  quantity  of  coal  a  second  smaller  retort  is  used. 
This  has  a  capacity  of  5  poimds  of  coal.  By  a  system  of  connections 
and  valves  either  the  large  or  the  small  retort  can  be  by-passed.  The 
main  connection  leads  from  either  retort  to  the  tar  extractor,  which 
serves  to  collect  those  products  that  condense  the  most  readily  at 
higher  temperatures.  The  extractor  consists  of  two  cones  so  arranged 
that  the  gas  must  whirl  around  the  inside  cone  before  reaching  the 
outlet;  the  condensed  material  is  gradually  drawn  to  a  point  -where 
it  is  delivered  to  a  small  cylinder  provided  with  a  f uU-way  valve  for 
completely  discharging  the  tar  and  other  condensed  matter  into  a 
measuring  cylinder. 

From  the  extractor  the  gas  passes  to  the  condenser,  which  consists 
of  tubes  arranged  to  drain  to  the  lowest  section  and  provided  with  a 
valve  for  discharging.  The  condenser  tubes  are  siUTOimded  by  cir- 
culating water.  Beyond  this  is  the  scrubber  provided  with  a  sprayer, 
coke  trays,  etc.  From  the  scrubber  the  gas  passes  to  the  purifier, 
which  is  provided  with  two  sets  of  purifier  compartments  so  that  the 
gas  can  be  made  to  pass  through  either  one  or  both  sets  of  compart- 
ments.    One  set  is  fitted  with  lime  for  removing  carbon  dioxide,  and 
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the  other  set  is  supplied  with  iron  oxide.  An  exit  pipe  leads  from  the 
purifieiB  to  the  gas  holder,  which  is  a  large  size  met^r  prover,  with  a 
capacity  of  10  cubic  feet.  This  prover  or  gas  holder  is  carefully  cali- 
brated and  provided  with  an  accurately  graduated  scale  indicating 
th?  contents  in  cubic  feet  and  hundredths  of  a  cubic  foot.  The  holder 
is  arranged  to  supply  any  pressure  desired  and  to  give  a  uniform  pres- 
sure with  any  quantity  of  gas.  It  is  provided  with  thermometers, 
pressure  gages,  etc.  From  the  holder  the  gas  is  piped  to  the  gas- 
testing  laboratory,  on  the  floor  directly  above  the  gas  plant.  In  this 
laboratory  are  made  the  chemical  analyses  and  also  a  great  variety 
of  practical  burning  testa  for  heat  and  lighting  qualities.  The  cal- 
orific tests  are  also  made  here  by  the  use  of  a  standarized  gas  calo- 
rimeter. 

SPECIALLY  DESIGNED  PLANT. 

The  small  plant  just  described,  at  the  University  of  North  Dakota 
school  of  mines,  at  Grand  Forks,  N.  Dak.,  was  the  forerunner  of  the 
larger  specially  designed  briquetting  and  gas  plant  at  the  mining 
substation  at  Hebron,  N.  Dak.  (Pis.  I  and  II),  where  both  briquetting 
and  gas  problems  are  being  worked  out  on  a  scale  so  large  as  to  insure 
results  applicable  to  commercial  practice.  The  briquetting  press  is 
capable  of  turning  out  2  tons  of  briquets  per  hour,  and  the  gas  plant  is 
a  full-size  unit,  complete,  and  of  the  standard  type  of  construction. 

The  equipment  of  the  large  experimental  gas  plant  at  the  mining 
substation  consists  of  a  bench  of  one  retort,  one  condenser,  one  ex- 
hauster, two  scrubbers,  one  purifier,  and  one  meter,  aU  of  the  full 
size  used  in  commercial  plants,  and  one  gas  holder  and  miscellaneous 
apparatus  necessary  for  the  proper  operation  of  the  plant. 

The  gas  bench  is  substantially  constructed.  Its  dimensions  are  11 
by  ^  by  7§  feet.  The  foundation,  1  foot  thick,  is  buUt  of  common 
brick. 

The  bench  contains  one  standard  clay  retort  IJ  by  2^  by  9  feet. 

The  retort  is  4  inches  thick  throughout,  with  the  exception  of  the 
head,  which  is  made  heavier  and  thicker  to  receive  the  mouthpiece. 
As  the  retort  is  the  standard  size  used  in  gas  works,  it  is  capable  of 
carbonizing  about  400  pounds  of  coal  in  four  hours,  with  a  retort  tem- 
perature of  1,200°  to  1,800°  F. 

The  bridge  wall  is  in  the  center  of  the  bench  and  extends  from  the 
bottom  of  the  firebox  to  the  top  of  the  retort.  The  waU  is  9  inches 
thick,  and  is  built  of  fire  brick.  It  causes  the  gases  from  the  furnace 
to  burn  upward  around  the  retort  in  the  front  end  of  the  bench  and 
downward  in  the  rear  end.  Hence  the  top  and  bottom  of  the  retort 
are  heated  equally  and  an  even  temperature  is  obtained.  The  retort 
is  provided  with  a  cast-iron  self -sealing  mouthpiece  15  by  26  inches. 
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The  chimney  is  9  by  13  inches  and  is  placed  at  the  back  of  the 
bench.  It  extends  from  the  lower  combustion  chamber,  underneath 
the  retort,  to  the  top  of  the  bench.  Near  the  bottom  of  the  chimney 
is  a  damper,  by  which  the  draft  can  be  r^ulated.  A  steel  stack  15 
feet  high  surmounts  the  chimney  and  extends  through  the  roof  of  the 
building. 

The  hydraulic  main  consists  of  a  2-foot  length  of  32-incli  pipe. 
The  ascension  pipe  from  the  retort  is  connected  with  the  dip  pipe  of 
the  hydraulic  main  by  a  10-inch  tee.  On  the  opposite  side  of  the 
main  is  a  4-inch  outlet  service  to  the  condenser. 

Attached  to  one  end  of  the  hydraulic  main,  and  connected  with  it 
by  an  elliptical  opening,  is  a  15-inch,  cubical,  cast-iron  box.  TTiis  box 
is  provided  with  a  tar-drain  regulator  and  a  drain-water  connection 
to  a  water  gage. 

The  tar-drip  regulator  is  of  special  design  and  can  be  regulated  so 
that  the  hydraulic  main  can  be  operated  without  a  water  seal,  or 
with  any  desired  seal  up  to  4  inches. 

In  the  bottom  of  the  box,  and  at  the  lowest  point  in  the  hydraulic 
main,  is  a  2-inch  outlet  pipe.  This  pipe  can  be  opened  or  closed  by  a 
valve  and  is  connected  with  the  tar  barrel.  By  means  of  this  drain 
all  the  tar  and  ammoniacal  liquor  can  bo  drained  out  of  the  hydrauHc 
main  after  each  experimental  run.  The  advantage  of  this  arrange- 
ment is  that  fresh  water  can  be  used  on  each  new  charge,  and  the 
danger  of  accumulated  tar  absorbing  illuminants  from  the  gas  is 
avoided.  Further,  the  products  from  each  experiment  can  be  ac- 
curately weighed  and  determined. 

A  standard  water-tube  condenser  is  used  to  remove  the  tar,  coke 
dust,  and  pitch,  and  to  condense  the  superfluous  water  vapor.  The 
condenser  is  3  feet  in  diameter  by  11  feet  high,  and  it  contains  21 
water  tubes  3  inches  by  8  feet. 

The  cooling  water  enters  the  base  of  the  condenser  and  flows  up- 
ward through  the  tubes  into  the  reservoir  at  the  top,  which  is  pro- 
vided with  an  overflow  pipe  that  leads  into  a  sump  outside  the  build- 
ing. The  supply  of  water  to  the  condenser  can  be  r^;ulated  so  that 
the  gas  can  be  cooled  to  any  desired  temperature  above  that  of  the 
inlet  water. 

The  gas  enters  the  condenser  through  a  4-inch  tube  and  passes 
downward  around  the  water  tubes  to  the  outlet  at  the  bottom.  The 
water  flows  in  a  direction  opposite  to  that  of  the  gas,  so  that  by  the 
time  it  reaches  the  inlet  of  the  condenser  it  has,  by  absorbing  the 
heat  of  the  gas,  attained  a  comparatively  high  temperature,  and  thus 
any  sudden  cooling  of  the  gas  at  the  entrance  is  avoided. 

The  bottom  of  tlie  condenser  is  provided  with  a  2-incJi  tar  outlet, 
through  which  the  tar,  ammoniacal  liquor,  etc.,  can  be  discharged 
into  a  tar  tank. 
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The  exhauster  is  a  No.  1  Root  and  is  provided  with  a  3-iiich  gas 
inlet  and  outlet.  It  consists  of  a  vertical  steam  engine  direct  con- 
nected to  the  exhauster  and  mounted  on  a  heavy  cast  bedplate. 

The  speed  of  the  exhauster  can  be  made  to  vary  in  accordance 
with  the  volume  of  gas  being  generated  in  the  retorts.  The  speed  is 
regulated  by  an  automatic  steam  valve  which  permits  uniform  pres- 
sure at  whatever  gage  desired. 

Two  cylindrical  tower  scrubbers  are  used  to  remove  the  last  traces 
of  tar,  ammonia;  and  other  impurities.  The  scrubbers  are  con- 
structed of  sheet  steel  three-sixteenths  of  an  inch  thick  and  are  24 
iiiches  in  diameter  by  8  feet  high.  The  scrubbers  are  filled  with 
wooden  trays,  supported  on  a  steel  angle  ring. 

The  hquor  used  in  the  scrubber  is  admitted  into  the  head  through 
a  1-inch  pipe,  and  is  distributed  equally  over  the  surface  of  the  tray 
by  a  sprayer.  Fresh  water,  sprayed  into  the  top  of  scrubber  No.  2 
hy  an  overhead  flushing  apparatus,  absorbs  practically  all  the  ammo- 
nia remaining  in  the  gas,  which  enters  from  below  and  flows  into  a 
100-gallon  ammonia-liquor  tank;  from  here  the  weak  liquor  is  lifted 
by  a  centrifugal  pump  to  the  top  of  scrubber  No.  1  to  thorouglJy  wet 
IIn  fiBiiig  material.  The  liquor  from  scrubber  No.  1  also  passes  by  a 
trapped  drain  into  the  ammonia  sump,  and  thus  there  is  a  continu- 
ous circulation  of  weak  liquor.  The  top  of  the  ammonia  tank  is  well 
covered  to  prevent  loss  of  ammonia  by  evaporation.  By  this  proc- 
eeds a  part  of  the  carbonic  acid  and  sulphuretted  hydrogen,  as 
well  as  other  sulphur  compounds,  are  removed,  the  lime  and  oxide 
purifiers  being  thus  relieved;  the  weak  liquor  is  also  brought  to  the 
requisite  commercial  strength. 

The  purifier  is  used  to  .remove,  or  reduce  to  a  negligible  quantity, 
the  carbonic  acid  and  sulphuretted  compounds  in  the  gas.  It  is  a 
sheet-steel,  cylindrical  box  4  feet  in  diameter  by  2i  feet  deep  and 
is  provided  with  3-inch  mlet  and  outlet  gas  pipes.  The  purifying 
material  is  supported  on  wooden  trays.  The  purifier  has  not  been 
Tised  much  on  the  gas  produced  from  lignite,  for  although  the  gas 
is  high  in  carbon  dioxide  it  is  nearly  free  from  sulphur.  The  puri- 
fication, however,  materially  raises  the  heat  value  of  the  gas. 

An  accurate  meter  is  used  to  measure  the  volume  of  giis  generated 
in  each  experimental  run. 

The  gas  holder  consists  of  a  holder  9|  feet  in  diameter  by  ISJ 
feet  deep,  erected  in  a  steel  tank  10 J  feet  in  diameter  by  13  feet 
deep.    This  holder  is  accurately  calibrated  and  thus  serves  to  check 

the  meter  readings. 

The  pressure  of  the  gas  can  be  conveniently  taken  in  any  part 
of  the  plant  by  a  central  differential  gage  24  inches  high  and  pro- 
vided with  a  scale  graduated  to  tenths  of  an  inch.     It  is  connected 

^ith  the  various  parts  of  the  plant. 
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The  appliances  for  taking  the  temperature  and  pressure  of  the 
gas  are  arranged  so  that  the  operator  can,  by  throwing  a  switch, 
read  at  his  desk  the  temperature  or  pressure  at  any  part  of  the 
plant.  This  arrangement  is  not  only  convenient  and  a  saving  of 
labor,  but  it  is  helpful  in  accurate  scientific  work. 

GENERAL   RESULTS   OF   EXPERIMENTAL   WORK. 

The  large  number  of  experiments  performed  during  the  progress 
of  the  work  ui  the  laboratory  and  in  the  plant  just  described  indi- 
cate that  one  of  the  methods  offering  the  greatest  possibility  in 
the  utilization  of  lignite  is  that  of  producing  gas  in  a  retort  and 
utihzing  the  retorted  residue   and  by-products.     In  carrying  out 
this  process,  four  products  are  obtamed.     First,  in  the  use  of  com- 
paratively dry  lignite  a  large  yield  of  gas  is  procured,  the  gas  being 
of  a  quahty  adapted  for  power  and  for  heating  and  lighting  pur- 
poses.    Second,  after  the  gas  has  been  driven  off  the  Ugnite  is  con- 
verted into  a  noncokhig  residue  of  good  quality,  having  a  high 
percentage  of  fixed  carbon  and  excellent  heat-producing  properties. 
Third,  a  tar  is  obtained  which,  with  proper  distillation  or  concen- 
tration, gives  a  product  promising  to  be  of  considerable  commercial 
value.     The   preliminary   experiments   thus  far   carried   on   would 
indicate  that  by  specidi  treatment  the  tar  can  be  advantageously 
used  in  the  process  of  briquetting.     It  also  contains  other  products 
of  evident  worth.     Fourth,  a  product  is  derived  containing  a  laige 
yield  of   ammonia  which,   after  being  converted  into   ammonium 
sulphate,  may  have  considerable  market  value. 

During  the  tests  of  the  past  two  years  careful  observations  were 
made  to  det-t^rmuie  the  temperature  required,  the  amount  of  gas 
produced,  the  amount  of  coal  residue  left,  and  the  quantity  and 
character  of  tar  and  ammonia  by-products.  Careful  analyses  and 
calorific  determmations  of  the  gas  were  then  made.  In  this  man- 
ner much  valuable  information  has  been  procured.  The  amount 
and  character  of  tlie  gas  obtained  from  lignite  has  been  rather  sur- 
prising and  very  encouragbig.  Indeed,  there  seem  to  bo  great 
possibiUties  in  the  manufacture  of  gas  from  lignite,  especially  if  all 
of  the  by-products  are  carefully  utilized. 

PROCEDLTIE    IN    EXPERIMENTS. 

The  lignite  usi^d  for  experimental  work  was  gathered  from  many 
mines  included  in  a  wide  area  in  the  State  of  North  Dakota,  and 
from  mines  in  Montana,  Wyoming,  Colorado,  and  Texas.  The 
samples  were  procured  in  considerable  quantities  and  were  carefuBy 
analyzed  and  air  dried  to  various  degrees  before  being  useid  in  the 
gas  plant.     In  addition  to  the  tests  of  lignite,  runs  were  made  on 
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other  kinds  of  bitTiminous  gas-producing  coals  to  permit  a  compari- 
son as  to  operating  results  and  the  products  procured.  By  the  use 
of  samples  from  so  many  districts  equitable  average  results  were 
obtained. 

The  type  of  construction  of  the  gas  plant  permitted  its  being 
operated  in  a  manner  closely  similar  to  that  employed  in  many 
commercial  gas  plants.  Every  step  of  the  operation  was  carefully 
wat<:hed  and  made  to  approach  as  nearly  as  possible  the  methods 
that  might  ordinarily  be  expected  to  be  required  for  economic 
production.  The  quality  of  gas  produced  by  the  plant  is  probably 
inferior  to  that  which  coxdd  be  procured  in  a  large  commercial 
plant,  owing  to  the  fact  that  in  stopping  and  starting  and  carrying 
on  the  experimental  work  there  is  frequently  introduced  into  the 
retorts,  apparatus,  and  pipes  varying  amounts  of  air — a  condition 
that  can  not  be  eliminated  iu  an  experimental  plant.  Consequently, 
the  gas  contains  an  unduly  large  proportion  of  carbon  dioxide  and  of 
residual  air. 

Nevertheless,  the  plant  has  given  excellent  results  and,  as  regards 
the  amdimt  and  quality  of  gas  that  can  be  derived  from  hgnite  coal, 
indicates  much  wider  possibiUties  than  were  expected.  There  was 
generally  used  for  each  charge  of  the  retort  400  pounds  of  air-dried 
coal,  the  moisture  content  of  which  was  definitely  known.  The  coal 
was  crushed  to  an  average  size  wliich  would  pass  through  a  2-inch 
ring.  The  lid  of  the  retort  was  well  clamped  and  sealed,  and  the 
temperature  raised  gradually  to  the  required  degree.  A  series  of 
experiments  was  conducted  to  determine  the  temperature  giving  the 
largest  quantity  and  the  best  quaUty  of  gas.  It  was  foimd  that  the 
gas  distilled  freely  at  900^  to  1,000^  F.,  whereas  the  proper  tempera- 
ture to  give  the  maximum  quantity  and  quaUty  of  gas  seemed  to  be 
between  1,200°  and  1,400°  F.  High-temperature  readings  were 
made  by  the  pyrometer,  along  with  simultaneous  records  of  the  rate 
of  gas  production.  At  frequent  intervals  gas  samples  were  obtained 
for  analyses.  The  desired  heat  was  carefully  maintained  until  the 
evolution  of  gas  ceased,  after  which  the  valves  were  closed,  the  retort 
was  cooled,  and  the  noncoking  residue  was  cooled  and  carefully 
weighed.  The  gas  was  passed  successively  through  the  tar  extractor, 
the  condenser,  the  scrubber,  the  purifier,  and  finally  to  the  gas  holder, 
where  the  quantity  was  accurately  read  off  from  a  scale  connected 
with  the  holder,  careful  corrections  to  normal  temperatures  and 
harometric  pressure  being  made. 

After  the  gas  had  been  measured  and  analyzed  and  had  been  tested 
in  the  calorimeter  to  determine  its  heat  value,  it  was  used  with 
different  types  of  burners  and  in  viarious  practical  ways  to  demon- 
strate its  efliciency  as  a  fuel  gas.  As  regards  the  by-products,  the 
tar  was  separated  from  the  water  and  weighed  and  the  ammonia  was 
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separated  and  its  quantity  detennined.  The  resulting  proportion  of 
noncoking  retort  residue  remaining  was  also  determined,  and  an 
analysis  was  made  to  ascertain  the  percentages  of  fixed  carbon, 
volatile  matter,  and  ash.  By  the  use  of  such  data  the  composition 
of  the  residue  could  be  compared  with  that  of  the  original  lignite 
and  also  with  that  of  bituminous  and  anthracite  coal. 

The  methods  of  coal  and  gas  analysis  employed  were  those  adopted 
by  the  fuel-testing  section  of  the  United  States  Bureau  of  Mines  and 
in  the  best  practice  by  gas  experts.  The  calorimeter  determinations 
were  made  with  a  properly  standarized  gas  calorimeter. 

TABULATED   DATA. 

The  following  tables  give  average  results  of  tests  of  a  large  number 
of  widely  different  but  representative  coals.  The  greater  number  of 
the  tests  were  made  with  North  Dakota  lignites  from  various  parts  of 
the  State,  but  lignites  from  Montana,  Colorado,  and  Texas  were  also 
represented. 

Gas  yields  and  heating  values  of  represent/U%t)€  lignite  samples. 


Sample  No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

II 

12 

13 

14 


Unpurified  gas. 

1 

1 

1 
Ketort   ; 

Yield 

tempera- 

per ton  of 

Calorific 

ture. 

air-dried 

value. 

lignite. 

Cubic  fert. 

B.  U  u. 

•if. 

12,298 

3(3 

1,700 

H,t>76 

3i8 

1,500 

13,297 

285 

1,600 

13,108 

384 

1,600 

11,092 

392 

1,720  1 

11,770 

372 

1,6.50 

10,300 

392 

1,500 

12,835 

390 

1,560 

10,663 

401 

11,306 

407 

i,5i6 

11,801 

400 

1,540 

12.525 

379 

1,510 

12.803 

382 

1,510 

12,100 

387 

1,385 

Sample  No. 


15 

16 , 

17 

18 , 

19 

20 

21 

22 

23 

24 

25 

Average 


Unpurified  gas. 

Yield 

per  ton  of 

Calorific 

nir-dried 

value. 

lignite. 

Cubiefeet. 
9,759 

B.  t,  tt. 

404 

10,877 

385 

0,335 

435 

10.160 

41S 

9,4«) 

420 

11,730 

411 

9,124 

425 

8.3(>8 

434 

9,623 

476 

11,450 

334 

7,825 

487 

11,038 

396 

Retort 
tempera- 
ture. 


I'.AN) 

l,3fiO 
1,270 


1,7« 
1,300 
1.200 

l,li50 
1,110 


1,498 
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EeauUi  ofanafyiea  o/ga»from  representative  lignUe  aamplee. 


SamplflNo. 

IBo. 
minanta. 

Carbon 
monox- 
ide. 

Hydio- 
gan. 

Etbana. 

Mathana. 

Nitragan. 

Oxygan. 

Carbon 
dlojdda. 

I 

Percent. 

0.90 

LOO 

1.30 

.65 

.55 

2.r 

1.80 
2.55 
2.15 
1.85 
L45 
2.25 
1.30 
2.35 
1.20 

.75 
3.38 
2.60 

.65 
L70 

.80 
8.40 
3.10 
3.60 
3.38 

Percent. 
23.85 
25.56 
19.85 
28.02 
25.02 
17.49 
23.61 
17.00 
22.45 
22.70 
27.75 
21.75 
20.44 
19.15 
14.05 
21.13 
20.61 
12.80 
22.34 
17.90 
9.95 
14.70 
15.30 
18.20 
20.61 

PereenL 
43.90 
44.55 

38.78 
45.07 
44.00 
46.34 
44.12 
50.30 
47.63 
43.61 
41.85 
40.26 
27.11 
40.60 
14.10 
28.24 
38.52 
43.70 
46.99 
44.60 
82.93 
40.00 
41.70 
36.10 
38.53 

Percent. 

a  16 
.90 
.33 
.73 
.00 
.00 
.29 
.16 

1.79 
.09 
.15 
.81 
.16 
.00 
.13 
.24 
.00 
.00 

1.55 
.00 
.00 
.00 
.00 
.00 
.00 

Percent. 
13.88 
7.06 
12.78 
13.83 
11.83 
15.80 
&80 
13.52 
10.41 
15.67 
10.44 
12.72 
13.18 
14.55 
10.50 
16.72 
19.72 
23.10 
13.13 
16.60 
31.62 
19.90 
18.10 
19.20 
19.72 

Percent. 

&76 

15.43 

13.26 

4.70 

10.90 

3.67 

13.88 

5.50 

5.27 

5.28 

7.11 

3.76 

22.16 

11.55 

42.27 

14.62 

8.28 

9.40 

5.50 

4.80 

.40 

&80 

7.40 

8.50 

3.28 

Percent. 

0.75 

4.00 

1.90 

.30 

1.00 

.55 

2.78 

8.08 

.05 

.90 

.85 

.45 

6.55 

L35 

10.50 

1.30 

.06 

L70 

LIO 

.30 

2.10 

1.40 

1.10 

.60 

.95 

P&cent. 

7.80 

2 

1.50 

3 

11.80 

4 

6.70 

i 

6.70 

6 

13.79 

7 

4.72 

8 

7.85 

ft 

9.35 

10 

9.90 

u 

10.40 

12 

18.00 

13 

10,10 

U 

10.46 

15 

7.25 

16 

7.00 

17 

13.58 

U 

6.70 

» 

9.65 

ao 

14.10 

a 

23:20 

22 

11.80 

23 

13.30 

M 

13.80 

25 

13.58 

Ayerage 

1.88 

20.00 

4a  10 

0.30 

15.31 

9.96 

1.86 

10.48 

Residues  yielded  hy  representative  lignite  samples.^ 


SamplaNo. 


1 
2 
3 
4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14, 


Yield 

per  ton 

oiooalas 

cbaigad. 


Pounds. 
1,078 
1,071 
1,035 
1,137 
1,120 
1,140 
1,161 
1,051 
1,137 
1,130 
1,108 
1,103 
1,110 
1,078 


Propor- 
tion of 
lignite 
charged 
repre- 
sented by 
residoa 
yield. 


Percent. 
53.90 
53.65 
51.75 
56.85 
56.45 
57.00 
58.06 
52.56 
56.85 
56.50 
55.40 
56.15 
56.50 
53.90 


Sample  No. 


16 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Average 


Yield 

per  ton 

oiooalas 

chaiged. 


Pounde. 

1,066 
1,085 
1,208 
1,046 
1,198 

891 
1,236 
1,081 
1,140 
1,000 

870 


1,092 


Propor- 
tion of 
lignite 
charged 
repre- 
sented by 
residue 
yield. 


PereenL 

53.30 
54.25 
60.40 
52.30 
59.90 
44.56 
61.80 
54.05 
57.00 
50.00 
43.50 


54.60 


a  The  samples  were  partly  air  dried,  containing  8  to  27  per  cent  moisture. 
1888**— BuU.  8»— 15 3 
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Calorific  values  and  reguUs  ofanalygea  of  lignUe  residue. 


Sample  No. 

Moisture. 

Volatile 
matter. 

Fixed 
carbon. 

Aah. 

Sulphar. 

Calorific 
valoeMr 
poonaof 

rMidOB. 

• 

1 

Percent. 

1.91 

8.38 

.31 

.00 

2.03 

.57 

.00 

.00 

.00 

.00 

.00 

.00 

1.68 

4.00 

L85 

.80 

.00 

.00 

.00 

.00 

.35 

.00 

.00 

.00 

2.15 

Percent. 
5.87 
6.97 
9.86 
6.48 
6.60 
7.88 
8.06 
9.45 
9.20 
8.60 
8.09 
9.00 
7.04 
8.76 
10.64 
3.10 
15.85 
.90 
4.11 
12.70 
8.05 
7.00 
7.97 
15.07 
2.01 

PereenL 
74.71 
62.93 
74.67 
73.86 
75.20 
72.38 
75.46 
74.00 
73.20 
73.84 
74.58 
72.96 
73.88 
67.19 
69.78 
75.95 
74.30 
00.50 
77.25 
77.05 
80.60 
81.40 
85.19 
68.80 
78.34 

PereenL 
17.51 
21.72 
15.16 
19.66 
16.17 
19.17 
16.46 
16.55 
17.60 
17.56 
17.33 
18.04 
17.40 
19.15 
17.73 
20.15 
0.85 
8.60 
18.64 
10.26 
ILOO 
11.60 
6.84 
16.13 
17.50 

PereenL 
1.54 
2.88 
L48 
1.53 
1.46 
2.27 
1.91 
1.03 
3.04 
2.49 
2.00 
2.06 

B.t.*. 
11,738 

3 

10,055 

3 

12,207 

4 

11,149 

5 

11.506 

6 

11,399 

7 

11.681 

8 

11,580 

0 

11.568 

10 

11,618 

11 

12 

18 

14 

16 

16 

L27 

0.740 

17 

12,905 

18 

19 

12,830 

20 

11,940 

21 

12, 2«) 

12,442 

23 

15,035 

34 

11,451 

26 

L79 

Avorage 

LOO 

7.57 

75.52 

15.91 

1.08 

11,838 

Average  remits  of  gas  tests  of  10  North  Dakota  lignite  samples. 

Analysis  of  coal:  Per  cent. 

Moisture  in  lignite  as  received  (partly  dried) 6. 98 

Volatile  matter  (partly  dried) 39. 50 

Fixed  carbon  (partly  dried) 44. 64 

Ash  (partly  dried) 8. 88 

Heating  value  of  lignite  (partly  dried),  B.  t.  u.  per  pound,  10,160. 

Yield  of  unpurified  gas  from  partly  dried  lignite,  cubic  feet  per  ton,  12,487. 

AnalysLa  of  unpurified  gas: 

niuminants L49 

Carbon  monoxide 22. 52 

Hydrogen 44. 44 

Methane 12.84 

Ethane 36 

Nitrogen 7.88 

Carbon  dioxide 9.15 

Oxygen 1. 32 

Residue  yield  from  partly  dried  coal 65. 34 

Analysis  of  dry  residue: 

Volatile  matter 7. 99 

Fixed  carbon 73. 97 

Ash 18.04 

Heating  value,  B.  t.  u.  per  pound,  11,710. 
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Avenge  rttuUs  ofga»  tests  of  four  Monkma  ligwUes, 

AualyBiB  of  lignite:  Per  oent. 

Mouture  in  lignite  as  received 9. 55 

Volatile  matter  in  dry  coal 38. 20 

Fixed  carbon  in  dry  coal 44. 90 

Aflh  in  dry  coal 16.90 

Bntiah  thermal  units  per  pound  (coal  as  received),  8,675. 

Yield  of  unpurified  gas  from  lignite  as  received,  cubic  feet  per  ton,  10,243. 

AnalyBis  of  unpurified  gas: 

Illuminants 3. 2 

Oarbon  monoxide 16. 2 

Hydrogen 40.0 

Methane 21.8 

Nitrogen 7.3 

Oxygen 1. 0 

Oarbon  dioxide 10. 5 

Heating  value,  B.  t.  u.  per  cubic  foot,  445. 

Yield  of  residue  from  lignite  as  received 57. 8 

Analysis  of  dry  residue: 

Volatile  matter 5. 3 

fixed  carbon 72. 0 

Aflh 22.7 

Heating  value,  B.  t.  u.  per  ](k>und,^  9,740. 

Average  results  of  gas  tests  of  Colorado  lignites, 

Analysb  of  lignite :  Per  cent. 

Moisture  in  lignite  as  received 17. 2 

Volatile  |i>3ttear  in  air-dried  lignite 36. 38 

Fixed  ctuTDon  in  air-dned  lignite 57. 74 

A4i  In  air-dried  lignite 5. 88 

Heating  value  of  lignite  as  received,  B.  t.  u.  per  pound,  10,348. 

Yield  of  unpurified  gas  from  lignite  as  received,  cubic  feet  per  ton,  8,746. 

AdsIvbu  of  unpurified  gas: 

illuminants 3. 20 

Oarbon  monoxide 14.26 

Hydrogen 40. 90 

Methane 19.95 

Nitrogen 7.10 

Oxygen 1. 05 

Oarbon  dioxide 13. 55 

Heating  value,  B.  t.  u.  per  cubic  foot,  429. 

Yield  of  residue  from  lignite  as  received 53. 78 

Analysb  of  dry  residue: 

Volatile  matter * .  .9 

Fixed  carbon 90. 6 

AA 8.6 

Average  results  of  gas  tests  of  three  Texas  lignites. 

Analysis  of  lignite:  Per  cent. 

Moisture  in  lignite  as  received 11.15 

Volatile  matter  in  air-dried  lignite 44. 90 

Fixed  carbon  in  air-dried  lignite 44. 99 

Ash  in  air-dried  lignite 10. 11 

Heating  value  of  lignite  as  received,  British  thermal  units  per  pound, 
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Yield  of  unpurified  gaa  from  lignite  as  received,  cubic  feet  per  ton,  10,557. 

Analysis  of  unpurified  gas:  P«roent. 

lUuminantB 1.53 

Carbon  monoxide 16. 94 

Hydrogen 39. 26 

Methane 18.85 

Nitrogen 6.56 

Oxygen 43 

Carbon  dioxide 16. 43 

Heating  value,  British  thermal  units  per  cubic  foot,  335. 

Yield  of  residue  from  lignite  as  received 52.  U 

Analysis  of  dry  residue: 

Volatile  matter 6. 76 

Fixed  carbon 75. 94 

Ash 17.30 

Heating  value,  British  thermal  units  per  pound,  12,836. 

COMMENTS  ON  TABULATED  DATA. 

The  results  presented  are  typical  of  those  from  several  hundred 
tests  conducted.  During  the  work  several  hundred  tons  of  lignite 
was  carbonized,  and  probably  1,000,000  to  2,000,000  cubic  feet  of 
lignite  gas  was  produced. 

It  has  been  necessary,  from  start  to  finish,  to  develop  the  whole 
process  for  the  treatment  of  hgnite.  During  the  work  many  peculiar- 
ities of  lignite,  lignite  gas,  residue,  and  by-products,  as  well  as 
peculiarities  and  difficulties  in  the  adaptation  of  the  process  of  treat- 
ment have  been  encountered  and  in  a  great  measure  overcome. 
The  method  evolved  seems  to  be  thoroughly  practical  and  to  possess 
many  conmiercially  attractive  features. 

TEMPERATURE   OF  CARBONIZATION. 
IMFOBTANCE  OF  DISTILLATION  TEMFEBATUBE  USED  FOR  ANT  COAL. 

In  the  production  of  gas  from  coal,  whatever  the  variety  of  ooal 
used  and  whatever  the  type  of  retort  or  oven  in  which  the  gas  is 
generated,  the  temperature  required  and  the  time  necessary  to 
remove  the  gas  are  important  practical  considerations.  Not  only 
is  there  a  great  difference  in  the  products  derived  at  different  temper- 
atures, but  there  is  also  a  great  difference  in  the  necessary  cost  of 
operation. 

Because  the  length  of  life  of  the  retorts  or  ovens  is  rapidly  reduced 
as  the  temperature  to  which  they  are  subjected  is  increased,  and 
because  the  operating  expenses  are  greatly  increased  by  the  necessity 
of  high-temperature  distillation,  it  is  a  matter  of  double  consequence 
to  procure  materials  and  to  use  methods  that  will  permit  a  high 
degree  of  carbonization  at  as  low  a  temperature  and  in  as  short  & 
period  as  is  consistent  with  the  recovery  of  gas  and  by-products 
of  satisfactory  quality. 
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In  the  produotion  of  gas  from  ordinary  bituminous  coals  there  has 
been  considerable  discussion  among  practical  and  technical  author- 
ities as  to  the  relative  merits  of  high  and  low  temperature  distillation. 
It  may  be  said  that  products  of  somewhat  the  same  characteristics 
as  those  obtained  in  the  treatment  of  bituminous  coal  are  met 
with  to  a  certain  degree  in  the  treatment  of  lignite,  but  the  conditions 
necessary  for  obtaining  the  best  results  in  the  carbonization  of 
lignites  are  widely  different  from  those  demanded  for  bituminous 
coal.  Much  of  the  lignite  as  mined  contains  30  to  35  per  cent 
moisture.  The  question  that  immediately  rises  is  as  to  the  effect 
of  this  moisture  on  the  gases,  residue,  and  by-products  and  also  on 
the  time  and  temperature  required  for  carbonization. 

INTLUBNCE  OF  MOISTURE  CONTENT  OF  UONITB   ON  TEMFEEATUBE   OF  DISTILLATION- 

In  the  experiments  it  was  quickly  found  that  in  the  use  of  the 
ordinary  gas  retort  of  standard  size  the  large  proportion  of  water  in 
the  lignite  immediately  reduced  the  retort  temperature,  thereby  de- 
laying the  time  at  which  the  distillation  of  gas  began,  and  at  the 
same  time  additional  fuel  and  labor  were  required  to  bring  the  retort 
temperature  back  to  the  heat  required  for  carbonization;  thus  there 
was  an  immediate  loss  of  time,  fuel,  and  labor  in  the  use  of  Ugnite 
with  its  normal  moisture  content,  and  unless  the  yield  of  gas  and  by- 
products in  quantity  or  quaUty  would  repay  for  the  losses  it  was 
evident  that  it  would  be  advisable  to  at  least  partly  dry  the  lignite 
before  introducing  it  into  the  retort.  Accordingly  many  experiments 
were  performed  to  ascertain  the  yield  and  quahty  of  gas  and  the 
residue  and  by-products  recovered  from  the  distillation  of  lignite  with 
the  moisture  content  as  high  as  when  mined. 

The  results  of  the  investigations  indicate  clearly  that,  as  explained 
later,  the  proper  retort  temperature  for  lignite  carbonization  seems 
to  be  about  1,200®  F.,  and  at  that  temperature  the  retorting  of  wet 
lignite  increases  the  quantity  of  gas  but  greatly  reduces  its  quahty, 
producing  a  relatively  large  volume  of  the  oxides  of  carbon  usually 
accompanied  by  a  reduction  of  residue. 

USE  OF  BOTABT  DBIEB. 

The  losses  in  the  quahty  of  the  gas  and  in  the  residue  are  far  from 
being  compensated  for  by  the  increased  yield  of  gas,  to  say  nothing 
of  the  loss  of  fuel  and  labor  required  in  maintaining  the  proper  tem- 
perature of  the  retort.  For  this  reason  there  is  no  question  but 
that  the  lignite  as  mined  should  either  be  air  dried  or  passed  through 
some  type  of  drier  capable  of  rapid  and  cheap  removal  of  the  moisture. 
For  this  purpose  the  experiments  indicated  that  a  rotary  drier  of  the 
standard  type  used  for  drying  coal  and  a  variety  of  other  materials 
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18  highly  satisfactory  and  economicaL  By  means  of  a  gentle  heat, 
produced  from  lignite  mine  waste,  the  moistm^  content  of  runrof- 
mine  lignite  can  readily  and  economically  be  reduced  to  5  to  8  per 
cent. 

This  type  of  drier  seems  to  be  well  adapted  to  this  purpose.  The 
lignite,  after  having  been  passed  through  the  drier,  is  generally  re- 
duced to  small  lumps,  which  can  be  used  to  much  better  advantSige 
than  the  large  sizes  in  the  retort  or  carbonizing  oven.  When  lignite 
thus  dried  is  used  the  gas  b^ins  to  distill  off  quickly  at  a  retort  tem- 
perature of  1 ,200°  F.  and  the  time  of  retorting  is  much  reduced.  It 
is  further  found  that  the  quality  of  the  gas  is  greatly  improved,  the 
oxides  of  carbon  being  greatly  reduced,  and  the  residue  seems  to  be 
better  and  larger  than  when  undried  lignite  is  used. 


TABULATED  DATA  SHOWING  EFFECT  OF  MOISTUBB  CONTENT  ON  TI£IJ> 

FROM  RETORTED   LIONFTE. 

There  is,  therefore,  no  doubt  about  the  advisability  of  using  rea- 
sonably dry  lignite  if  the  gas  produced  is  to  be  used  for  lighting  or 
other  domestic  purposes.  The  following  tables  show  clearly  the  effect 
of  moisture  on  the  yield  and  quality  of  wet  and  dry  lignite  retorted 
at  the  same  temperatures. 

ReauUs  of  tests  of  effect  of  temperatvre  and  moisture  on  quality  and  yield  of  lignite  gas 

from  lignite  mine-toaste  slack. 


6 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

U 

12 

13 

14 


MoIstarB  eoDtent.a 


Dried. 

do, 

--..do 
....do. 
....do 
Wet.. 
Dried. 
....do 
Wet.. 
Dried. 

do 

....do 
....do 
....do 


8 

5 


300 

300 

300 

600 

600 

600 

900 

900 

900 

1,200 

1,200 

1,200 

l,fiOO 

1,500 


I 


Bmn. 
1 
2 
3 
1 
2 
2 
1 
2 
2 
1 
2 
3 
1 
2 


Oukicfeet. 

50 

70 

83 
575 
810 

01.2 
2,807 
3,000 
1,828 
4,114 
4,268 
4,276 
7,396 
7,502 


Analysis  of  gas. 


P.O. 

0.0 

.0 

.0 

.0 

.0 

.7 

.0 

.7 

1.6 

1.4 

1.3 

1.5 

1.2 

1.4 


'I 

esS 


P.rt. 

0.0 

.0 

.0 

.1 

.4 

4.0 

4.2 

7.0 

1.6 

11.1 

10.9 

9.9 

16.7 

17.3 


i 
t 


P.et. 
0.0 

.0 

.0 

.0 

.0 
4.6 

.0 
11.1 
1.26 
U.9 
17.0 
17.8 
27.5 
31.0 


A 

» 


P.CL 

0.0 

.0 

.0 

.0 

.0 

8.1 

.0 

6lO 

11.14 

6l6 

15.9 

16.9 

16.4 

1A.0 


I 


P.eL 
81 
81 

81.2 

81.3 

80.7 

58.6 

74.2 

50.1 

23.8 

17.1 

7.6 

6.8 

6.7 

5.0 


a 

g 

K 

O 


P.et. 

19 

19 

18.6 

18.4 

16.8 

10.9 

15.2 

11.0 

3.2 

1.1 

1.2 

1.2 

1.1 

1.1 


P.tL 

ao 

.0 

.2 

.2 

2.1 

17.2 

&8 

14.2 

57.4 

46.8 

46.1 

45.9 

30.4 

28.3 


a"  Wef  means  a  znoistorD  content  of  28  per  cent  present  in  the  sample. 
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RetuU8  of  tesU  to  indkate  yield  of  lignite  reeidue  at  varioiu  temperatures. 


L%njt»t8 
Residiie 
Residue 
Residue 

I4pite«s 
Residoe 
Residue 

Ljoiiteas 
Residue 
Residtn 
Residue 
Residue 

L^teas 
Residue 
Residiie 


ehusBd.. 

1 

2 

3 

cfaaiged.. 

6 

6 

charged.. 

7 

8 

9 

10 

cbarged.. 

11 

12 


Temper- 
ature of 
Tetart. 


Time  of 
run. 


Yield  of 
residae. 


*F. 


1,000 
1,265 
1,200 


1,365 
1,400 


1,500 
1,430 
1,500 
1,600 


1,240 
1,380 


HoUTt. 


1.3 
L3 
.58 


.84 
1.3 


L3 

.66 
.66 
.66 


1.3 
1.0 


Percent. 


52.65 
45.66 
60.00 


43.50 
4X30 


50.00 
53.00 
53.00 
52.00 


57.00 
60.00 


Calorific 

value  per 

pound 

ofooal. 


B.  t.  II. 

8206 

11,822 

11,040 

11,794 

8,460 
12,240 
12,186 

9,940 
12,442 
12,116 
12,324 
12,400 

9,870 
11,905 
12,512 


Analsrsis. 

Moisture. 

Volatile 
matter. 

Fixed 
carbon. 

Percent. 

Percent. 

Percent. 

27.00 

35:20 

32.60 

.00 

28.78 

63.37 

.00 

12.70 

77.06 

3.65 

19.90 

68.15 

25.05 

34.80 

35.15 

.35 

8.06 

80.60 

.00 

&40 

80.50 

8.55 

40.55 

44.25 

.00 

7.00 

81.40 

.00 

10.80 

78.20 

.00 

7.70 

80.56 

.00 

6.20 

80.25 

9.90 

39.60 

42.85 

.00 

14.20 

76.65 

.00 

7.25 

82.20 

Ash. 


Percent. 

&20 

7.85 

10.25 

8.30 

6.00 

11.00 

11.10 

6.65 

11.60 

11.00 

11.75 

13.55 

7.65 

10.15 

10.55 


COMMENTS   ON   TABULATED  DATA. 

Bearding  samples  8  and  9  it  will  be  seen  that  at  900°  F.  nearly 
two  hours  was  needed  to  remove  the  bulk  of  the  moisture,  and  at  that 
time  only  1,828  cubic  feet  per  ton  of  gas  had  been  Uberated  as  against 
3,000  cubic  feet  of  gas  Hberated  from  dry  coal  at  the  same  time  and 
temperature.  It  is  always  observed,  however,  that  the  total  quantity 
of  gas  produced  from  the  wet  coaJ  is  greater  when  the  corresponding 
weight  of  dry  coal  is  used;  but,  as  will  be  noticed,  the  gas  produced 
from  the  wet  coal  contained  57.4  per  cent  of  carbon  dioxide  as  against 
14.2  per  cent  from  dry  lignite. 

Regarding  samples  5  and  6,  it  wiU  be  noticed  that  at  600°  little 
gas  was  driven  oflF  in  two  hours  from  the  wet  coal,  but  in  the  same 
time  and  at  the  same  temperature  810  cubic  feet  was  driven  oflF  from 
the  dry  coal.  The  wet  coal  gave  17.2  per  cent  of  carbon  dioxide  as 
against  2.1  per  cent  in  the  dry  coal. 

These  tests  were  made  with  lignite  mine  slack,  and  although  in 
these  series  wet  coal  was  not  tested  at  1,200°  F.,  many  other  tests  were 
made  with  wet  and  dry  lignite  at  temperatures  of  1,200°  to  1,400°  F., 
and  the  results  were  of  a  similar  character,  the  oxides  of  carbon  being 
invariably  higher  in  gas  produced  from  wet  coal. 

In  general,  the  higher  the  retort  temperature  the  larger  the  volume 
of  gas,  especially  when  the  hgnite  is  wet.  As  stated  subsequently, 
1,200°  F.  seems  to  be  about  the  proper  temperature  for  carbonizing 
lignite,  and  when  carbonizing  is  done  in  a  retort  holding  400  pounds, 
the  gas  from  dry  lignite  can  nearly  aU  be  driven  off  at  1,200°  F.  in 
three  to  four  hours,  whereas  when  wet  coal  is  used  little  gas  is  driven 
off  m  the  first  two  hours  when  the  temperature  is  at  900°  F.,  and  even 
at  1,200°  F.  five  to  seven  hours  is  usually  required  to  remove  the  gas. 
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It  will  thus  be  seen  that  if  wet  lignite  is  used,  the  time  of  carboniza- 
tion is  greatly  extended,  and  consequently  a  large  extra  expense  is 
incurred.  At  present  the  data  as  to  the  effect  of  retorting  moist  lig- 
nite on  the  ammonia  and  tar  yields  are  incomplete.  However,  as 
r^ards  the  effect  of  temperature  on  the  yields  of  gas,  residue,  and  by- 
product, the  experiments  and  tests  herein  reported  lead  the  author 
to  beUeve  that  1,200°  to  1,400°  F.  is  the  best  temperature  for  the  dis- 
tillation of  reasonably  dry  lignite. 

As  has  already  been  stated,  the  temperature  of  carbonization  for 
maximum  efficiency  is  a  matter  of  great  importance.  Of  course,  the 
lower  the  temperature  the  more  economical  the  process  becomes. 
There  is  no  question  but  that  dry  lignite  parts  with  its  gases  at  a  much 
lower  temperature  and  much  more  rapidly  than  does  ordinary  bittuui- 
nous  gas  coal.  For  the  simple  production  of  residue  for  briquetting 
pmposes,  if  the  gas  were  not  to  be  saved,  some  means  might  be 
devised  for  driving  off  the  gases  economically,  provided  sufficient 
quantity  were  yielded  with  sufficient  rapidity. 

LOWEB  TEMPERATURE  LIMFr  OP  EPPICIENT  LIGNFTE-OAS  DISTELLATION, 

For  the  pmpose  of  determining  the  lower  temperature  limit  of 
economic  and  efficient  lignite-gas  distillation,  a  series  of  tests  was 
made,  the  temperature  used  ranging  from  300°  to  1,500°  F.,  and  by 
referring  to  the  table  on  page  36  the  relative  yields  and  quality  of  gas 
obtained  from  the  carbonization  of  dry  lignite  at  300°,  600°,  900°, 
and  1,500°  F.,  may  readily  be  seen.  In  this  table,  however,  the  total 
yield  of  gas  shown  is  not  as  high  as  normal  for  the  reason  that  in  the 
tests  mine  waste  was  used  instead  of  run-of-mine  lignite,  but  the  rela- 
tive yields  may  be  readily  seen.  In  the  tests  represented  by  the  table 
the  gas  was  practically  all  off  after  the  mine  waste  had  been  treated 
in  the  retort  at  1,500°  F.  for  two  hours.  The  results  given,  however, 
should  be  considered  along  with  results  of  tests  of  tar  yields  shown 
in  the  table  on  page  48,  and  the  table  on  page  37,  showing  the  results 
of  tests  to  determine  the  lignite  residues  at  various  temperatiires,  and 
also  in  connection  with  the  table  on  page  39,  showing  the  results  of 
tests  to  determine  the  lignite  gas,  residue,  and  tar  yields  at  various 
temperatures.  The  results  shown  by  the  curves  in  figure  1  also  should 
be  considered  here. 

In  all  of  the  tests  just  mentioned  it  was  not  intended  to  procure  a 
complete  distillation  of  the  gas,  but  a  partial  carbonization.  It  will 
be  seen  that  although  the  gas  yield  was  increased  by  increasing  the 
temperature  of  retorting  up  to  1,500°  F.  or  more,  there  is  a  corre- 
sponding loss  in  the  tar  and  residue  yields. 

The  results  presented  in  the  tables  likewise  show  that  the  best  tem- 
perature for  the  maximum  tar  yield  appears  to  be  about  1,200°  F., 
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with  sufficient  time  for  the  complete  distillation.  After  this  tem- 
perature had  heen  exceeded,  the  tar  yield  generally  lessened,  as  also 
did  the  residue.  Comparatively  httle  tar  was  produced  at  a  tem- 
perature less  than  900®  F.  The  results  of  the  tests  mentioned  seem 
to  be  ia  harmony  with  the  general  results  obtained  with  other  coals 
by  Porter  and  Ovitz.* 


BD 

^ 

80 

— 

' 

» 

1 

75 

— 

TO 

— 

1 

66 

J 

J 

f 

:7 

-iS 

•  1 

GO 

E 

«  1 

5  / 

• 

'  1 

-Si 

=?T 

55 

n/ 

/ 

^7 

«50 

'W.I 

JSi 

1( 

«J" 

T 

— 

/ 

' 

a 

a 

— 

/ 

i 

/ 

J 

r 

/ 

p» 

7 

/ 

^ 

t 

y 

r— 

/^ 

30 

— 

— 

I 

y 

/ 

^ 

^ 

/^ 

> 

r 

> 

/ 

1 

25 

-J 

7 

y 

^ 

>- 

^ 

^ 

7 

/^ 

?^ 

^ 

20 

z 

-p 

7 

>. 

:^ 

^ 

^ 

IR 

A 

y 

y" 

^ 

^ 

j 

/ 

/ 

^^ 

'^ 

10 

f 

r 

y 

-* 

y^ 

/ 

^ 

5 

i 

f— 

y 

— 

w- 

.      J 

0 

rL 

1 

^^ 

— 

1000  2000  8000  4000  6000  6000 

GAS  YIELD.  CUBIC  FEET  PER  TON  OF  FUEL 

FiGUBE  1.— Effect  of  time  and  temperature  cm  lignite  gas  yield. 


7000 


8Q00 


^««u^  o/  Telort  tests  of  lignite  ^  to  determine  effect  of  temperature  and  time  of  retort 

treatment  on  yield  of  tar. 


Sample  No. 

Dura- 
tion of 
test. 

Temper- 
ature. 

Yield  of 

tar  per 

ton  of 

lignite. 

Specific 

gravity 

of  tar. 

1... 

Hourg. 
1 
3 
1 
3 
1 
3 

•  F. 
900 

goo 

1,200 
1,200 
1,500 
1,500 

Pounds. 
39.36 
46.20 
67.00 
77.78 
61.80 
50.40 

0.9144 
.9493 
.9776 
.9711 
.9407 
.9310 

2..    

3..    

4..     

5..    

6.. 

'  {'oiter,  H.  C,  and  Ovitz,  F.  K.,  The  volatile  matter  of  coal:  Boll.  1,  Bureau  of  Mines,  1910, 56  pp. 
i^te  mina-waste  slock,  J^ontAhnin^  about  30  per  cent  moisture. 
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BETOBT  TESTS  OF  BITUMINOUS  COAL  AND  OF  LIGNITE. 

In  order  to  obtain  a  more  satisfactory  basis  for  a  comparison  of 
the  yields  of  gas  and  residue  and  the  ch«j*acter  of  each  in  connection 
with  the  temperature  of  retorting  bituminous  coal  and  lignite  under 
the  same  conditions,  comparative  runs  in  the  small  experimental 
plant  were  made  with  bituminous  coking  gas  coal  and  with  lignite 
containing  a  fairly  high  percentage  of  ash.  Careful  records  were 
made  in  each  run  so  that  a  comparison  of  the  more  important  results 
could  readily  be  made. 

In  making  the  tests  the  general  methods  employed  with  gas  coals 
were  followed  to  a  large  degree,  in  order  that  the  results  of  the  tests 
might  furnish  a  standard  for  comparative  purposes  and  also  because 
both  coals  were  adapted  to  the  standard  treatment. 

PBOCBDUBE  IN  TBATS. 

In  making  each  of  these  tests  2  pounds  of  coal  was  used.  The 
retort  was  so  arranged  that  temperature  readings  could  be  taken  by 
means  of  a  standarized  thermocouple  connected  with  an  accurate 
Siemens  and  Halske  galvanometer.  Temperature  readings  were  made 
and  gas^yield  records  were  taken  throughout  each  test  until  no  more 
gas  was  driven  off;  the  gas  yields  were  then  computed  to  standard 
temperature  and  pressure;  the  residue  was  cooled  and  drawn  and  the 
residue  yield  was  computed.  The  residue  was  also  analyzed  and  cal- 
orimeter determinations  were  made  and  an  analysis  and  a  calorimeter 
determination  of  the  gas  from  each  test  were  also  made. 

RESULTS  OF  THB  TESTS. 

The  following  table  presents  the  results  of  the  tests,  including  a 
statement  of  the  composition  of  the  two  coals  used  and  the  analyses 
of  the  gas  and  residue.  In  each  of  the  tests  the  gas  was  run  directly 
from  the  hydraulic  main  to  the  gas  holder  in  order  to  avoid  any 
chance  of  loss  in  gas  content. 

Reaults  of  retort  tests  to  determine  comparative  gas^  residue,  and  cole  yields  from  bituminous 

and  lignite  coals. 


Mois- 
ture. 

• 

Vola^ 

tile 

matter. 

Ash. 

Fixed 
car- 
bon. 

Sul. 
phur. 

Heat- 
ing 

value, 
per 

pound. 

Oas. 

Yield 
of 

resl- 
due. 

Gas 
yield 

pound 
ofooal. 

Ing 
value 

per 
cubic 
ftwt. 

Yield 

of 
coke. 

Irlgpit^ 

P.ct. 

U.53 

6.90 

.80 

.00 

P.et. 

35.18 

30.15 

&.10 

.50 

P.et. 
al7.20 

7.50 
20.15 

8.15 

P.et. 
36.00 
50.45 
75.95 
91.35 

P.et. 
1.44 
1.40 
1.27 
1.24 

B.Lu. 

8,675 
12,047 

9|740 
13,543 

Oa.ft. 
6.06 
6.36 

B.tH, 

416 
480 

P.eL 
56.12 

P.et. 

BllomlDoas  ooal. . . . 
Residue 

06.(10 

Coke 

a  An  unusually  high  ash  content. 
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RauUg  of  retort  tests  to  determine  comparative  gas,  residue^  and  coke  fiddefrom  hiiw 

winouB  and  lignite  ooa/»— Continued. 


KindofooiL 


Yield  of  gaseoos  oonstituents. 


Cu-bon 
dioxide. 


Olmni- 
nants. 


Oxygen. 


Oarbon 
monox- 
ide. 


Hydro- 


Iffetluuie. 


Nttn)caL 


Ugnite 

BitnniiDOQs. 


Percent. 

13.53 

7.30 


PereenL 
3.38 
3.10 


PereenL 

0.96 

100 


PereenL 

ao.61 

4.56 


PereenL 
38.53 
45.55 


PereenL 
19.73 
Sl.flO 


PereenL 
3.38 
7.10 


b 
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5 
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y 
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VtetBil— Relative  yields  of  gas  bom  lignite  and  from  bitoznlnoas  ooal  at  different  temperatorea  and 

time  of  treatment 

The  curves  shown  in  figure  2  indicate  the  relative  yield  of  gas  from 
lignite  and  from  bituminous  coal  retorted  at  different  temperatures 
and  at  different  lengths  of  time,  the  treatment  being  continued  until 
the  gas  yield  was  completed. 

OOMKENTS  ON  THB  BESULTS. 

The  curves  show  that  the  gas  was  removed  from  the  lignite  in 
about  one-half  the  time  required  to  remove  it  from  the  bituminous 
coal    The  temperature  required  to  remove  the  gas,  it  will  be  seen. 
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was  only  1,270**  F.  for  lignite  as  against  1,665®  F.  for  bituminous 
coal.  The  results  show,  in  a  marked  manner,  the  ease  of  carbonizing 
lignite,  and  the  fact  that  the  required  temperature  is  so  much  less 
and  the  necessary  time  of  treatment  only  about  one-half  as  long 
means,  of  course,  a  large  saving  in  the  relative  cost  of  carbonizing,  as 
compared  with  the  cost  of  carbonizing  bituminous  coal. 

The  tests  also  plainly  showed  that  the  principles  used  in  the  man- 
ufacture of  illununating  gas  and  coke  may  be  applied  successfully 
with  proper  modifications  for  carbonizing  lignite. 

The  analyses  of  the  residues  showed  that  there  was  a  relatively 
greater  increase  of  heating  value  in  the  residue  than  in  the  coke  pro- 
duced from  the  bituminous  coal,  a  result  that  would  have  been  more 
marked  had  all  of  the  moisture  been  present  in  the  lignite  and  had 
not  the  sample  of  lignite  been  unusually  high  in  ash.  The  yield  of 
residue,  it  wiU  also  be  seen,  was  large,  much  larger  than  might  be 
supposed  could  be  procured  from  lignite,  and  the  coke  from  the  bitu- 
minous coal  was  high  in  both  yield  and  quaHty.  The  gas  yield  from 
the  lignite  was  nearly  as  high  as  from  the  bituminous  coal,  although 
the  time  of  heating  and  the  temperature  were  far  less. 

It  will  also  be  noticod  that  the  heating  values  of  the  crude  gas  were 
not  as  greatly  different  as  were  the  differences  in  temperature  and  in 
time  of  production.  In  comparing  the  composition  of  the  gases  it 
will  be  readily  sQen  that  the  most  marked  differences  are  found  in  the 
increased  amount  of  carbon  monoxide  and  carbon  dioxide  and  in  the 
correspondingly  smaller  yield  of  methane  from  the  lignite.  This 
lignite  gas,  however,  was  an  excellent  heating  and  power  gas,  and, 
as  shown  later,  was  well  adapted  to  lighting  by  the  use  of  the  mantle. 

Physically,  the  lignite  residue  is  greatly  different  from  the  coke 
obtained  in  the  carbonizing  process.  The  coke  from  bituminous  coal 
was  dehvered  from  the  retort  in  characteristic  silvery  gray  porous 
lumps,  whereas  the  lignite  was  delivered  from  the  retort  in  small 
shrunken  fragments  of  a  dull  black  on  the  outside  but  having  a  shining 
black  surface  when  broken.  The  lignite  residue  is  of  little  value  in 
the  form  in  which  it  is  discharged  from  the  retorts,  but  when  bri- 
quetted,  makes  an  excellent  fuel,  which,  on  account  of  its  nonfusing 
quality,  renders  it  more  desirable  than  coke  for  burning  in  stoves  and 
for  many  other  purposes. 

It  wiU  thus  be  seen  that  the  low  temperature  at  which  dry  lignite 
can  be  successfully  carbonized  and  the  rapidity  with  which  this  car- 
bonization takes  place  will  materially  aid  in  reducing  the  cost  in  the 
use  of  lignite  in  a  commercial  plant. 
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TYPES  OF  CARBONIZING   OVENS. 

CLOSED  RBTOBT. 

Lignite  could  be  carbonized  by  several  methods,  the  choice  depend- 
ing on  the  situation  of  the  plant  and  whether  the  gas  was  to  be  used 
for  domestic  or  for  power  purposes,  or  not  at  all.  In  the  discussion 
thus  far  we  have  considered  the  carbonization  as  having  been  carried 
on  in  closed  retorts,  such  as  are  commonly  used  in  city  coal-gas  plants. 
This  type  of  ordinary  horizontal  retort  can  be  used  satisfactorily  in 
the  production  of  gas  and  by-products  from  lignite.  It  is  the  type 
of  retort  used  in  the  experimental  station  and  from  which  most  of 
these  results  were  obtained. 

This  type  of  retort  is  used  extensively  with  bituminous  gas  coal  for 
die  production  of  coal  gas  for  small  cities,  but  if  lignite  were  to  be 
c&rbonized  in  sufficient  quantity  to  supply  the  residue  for  a  commer- 
cial briquetting  plant,  there  would  be  a  large  volume  of  gas  produced 
and  a  rather  large  number  of  horizontal  retorts  would  be  required. 
It  is  quite  probable  that  in  such  a  case  a  better  type  would  be  an 
mclined  or  a  vertical  retort,  either  of  which  can  be  procured  in  large 
capacities  and  so  constructed  that  the  cost  of  operation  is  compara- 
tively small. 

▲DYANTAGES  OF  INCLINED  AND  VERTICAL  RETORTS. 

lignite  would  seem  to  be  especially  well  adapted  to  treatment  in 
the  inclined  or  in  the  vertical  retort.  Its  residue  does  not  coke  or 
expand  as  does  the  residue  from  bituminous  or  coking  coal.  On  the 
other  hand,  the  lignite  residue  contracts  materially  and  remains  in 
separate  shrunken  broken  fragments  which  can  be  made  to  discharge 
easily  from  an  inclined  or  vertical  retort. 

Although  the  inclined  or  the  vertical  type  of  carbonizing  plants 
require  considerable  initial  outlay,  the  ease  and  low  cost  of  their 
operation  and  the  large  yields  of  by-products  and  residue  from  them 
would  indicate  their  economic  adaptation  to  the  carbonizing  of  lignite 
coal.  So  far  as  is  known  no  trials  have  been  made  in  this  type  of 
retort,  but  there  seems  to  be  no  reason  why  the  retorts  should  not 
be  admirably  adapted  for  the  purpose.  The  ordinary  horizontal  types 
of  by-product  ovens,  most  of  which  are  discharged  by  a  mechanical 
pusher,  would  probably  not  be  satisfactory  for  use  with  lignite  for  the 
reason  that  the  lignite  residue  breaks  into  too  small  fragments  to  be 
handled  mechanically  by  the  pusher  without  danger  of  packing  and 
sticking  in  the  retort.  Some  modified  form  might  be  devised  that 
would  be  satisfactory,  but  it  is  doubtful  whether  such  a  form  would 
have  any  especial  advantage  over  the  vertical  or  inclined  retorts, 
which  are  probably  well  suited  to  the  treatment  of  lignite. 
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BX8Ui;iB   or  USB  OF  BEEHIVB   OYBNS. 

In  some  instances  it  might  be  desirable  to  briquet  lignite,  if  the 
deposits  were  so  located  that  there  would  be  littiio  or  no  demand  for 
gaS;  at  least  for  domestic  purposes.  It  would  then  be  desirable  to  use 
a  carbonizing  system  that  could  be  installed  and  operated  cheaply. 
The  beehive  oven,  which  is  extensively  used  for  the  production  of 
coke  from  bituminous  coal  when  the  recovery  of  gas  is  not  wanted, 
could  doubtless  be  used  in  the  carbonizing  of  the  lignite  but  not  with 
economy  or  satisfaction.  For  this  reason  small  carbonizing  ovens  of 
modified  type  have  been  used  by  the  writer  and  with  lignite  have 
given  much  better  results  than  could  be  obtained  in  the  beehive 
oven.  The  ovens  were  6  feet  wide  and  about  8  feet  high  and  were 
supplied  with  air  pressure  and  gas  exhauster. 

The  lignite  as  charged  into  these  ovens  had  the  same  moisture  con- 
tent as  when  mined,  although  dry  or  partly  dry  lignite  would  have 
doubtlees  given  better  results.  The  hot  ovens  first  drove  off  the 
moisture  and  then  the  gas.  The  excessive  moisture  temporarily 
reduced  the  temperature  of  the  ovens,  but  as  soon  as  the  moisture  had 
been  driven  off  the.  necessary  oven  temperature  was  restored.  The 
rate  of  carbonization  and  the  yields  were  so  promising  that  larger 
modified  ovens  of  this  type  will  be  installed,  so  constructed  as  to  per- 
mit the  saving  of  a  part  of  the  gas.  It  is  expected  that  from  the 
larger  modified  ovens  still  better  results  will  be  obtained,  together 
with  the  recovery  of  suQicient  gas  to  be  of  value  for  the  burning  of 
day  products,  or  for  use  in  an  internal-combustion  engine.  This 
special  type  may  present  possibilities  for  localities  where  there  is  com- 
parativdy  little  use  for  domestic  gas,  a  condition  frequently  encoun- 
tered near  lignite  deposits.  For  use  in  these  ovens,  as  in  retorts, 
partly  air-dried  lignite  should  be  employed, 

DATA  OBTAINED  FROBC  USE   OF  SMALL  MODZRED  OVENS. 

No  data  have  yet  been  procured  from  the  use  of  the  larger  modified 
ovens  of  this  type.  However,  some  information  has  been  obtained 
as  to  the  quantity  and  quality  of  residue  and  gas  produced  in  a  small 
experimental  modified  oven  and  the  tables  following  show  the  results 
obtained. 

Results  of  testa  to  determine  the  lignite  residue  resulting  from  operation  of  small  modified 

oven. 


Yield  of 
residue. 

Analyals  of  resldtie. 

Sample. 

HotetuTD. 

Volatile 
matter. 

Fixed 
carbon. 

Ash. 

Caloilfie 

value  of 

residue 

perpooiw^ 

A 

Percent. 
53.3 
49.4 
43.3 
43.3 

Percent. 

0.00 

.00 

.00 

.00 

Percent. 
20.40 
19.98 
10.42 
15.86 

Percent, 
09.53 
70.20 
80.90 
74.30 

Percent. 

iao7 

0.82 
8.68 
9.85 

B.LM. 

12,900 
12,900 
13,200 
12,905 

B 

C 

D 

Averace 

47.3 

.00 

16.66 

73.73 

9.61 

12, 7« 
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Afudytet  o/gaa  (unpunJUd)/rom  a  inuiU  modified  oven. 
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SuqiieNa 

THami- 
nants. 

Carbon 
Ide. 

Hydro- 

fUL 

Methane. 

Nitrogen. 

Oxygen. 

Carbon 
dkvxlde. 

Calonlih 

ted  beat. 

ingTaloe 

peroublo 

foot. 

1 

Percent. 
0.6 
.3 
.7 
.6 
.8 
.3 
.6 

Percent. 
6.8 
5.3 
5.6 
7.7 
7.6 
4.4 
4.0 

• 

Percent. 

3.06 

1.50 

16.10 

11.60 

13.40 

3.34 

4.65 

Percent. 
11.4 
12.4 
12.8 
14.0 
16.8 
0.6 
5.55 

Percent. 
50.06 
64.20 
35.10 
40.10 
18.00 
61.46 
60.00 

Percent. 
3.4 
4.6 
1.0 
2.0 
1.2 
3.5 
2.8 

Percent. 
23.8 
21.7 
28.7 
15.0 
42.2 
17.4 
13.4 

B.  U  u. 
166 

2 

163 

3 

222 

1 

224 

5, 

268 

( 

135 

7 

100 

AiWSfB.. ...... 

.56 

5.00 

7.66 

11.70 

48.26 

X68 

23.20 

182 

The  reeults  of  tests  indicate  that  it  is  possible  to  obtain  from  ovens 
of  the  type  used  in  the  tests  a  yield  of  about  50  per  cent  lignite  residue, 
having  about  70  per  cent  fixed  carbon  and  a  calorific  value  of  about 
12,000  British  thermal  units  and  in  addition  recover  by-product  oven 
gas  having  a  calorific  value  of  probably  at  least  150  British  thermal 
units  per  cubic  foot. 

In  the  recovery  of  this  oven  gas  the  first  part  is  not  removed,  but 
is  allowed  to  bum  in  the  oven  in  order  to  bring  up  the  temperature. 
In  a  like  manner  the  recovery  of  the  gas  is  discontinued  a  short  time 
before  the  evolution  of  the  gas  ceases.  Thus  the  oven  temperatures 
are  retained  and  a  considerable  recovery  of  gas  is  expected  to  be  made 
in  the  large  ovens. 

VALUE  AND  USES  OF  LIGNrrS  GAS. 


CHAAACTBR  OT  UONTTB  GAS. 


From  the  yields  of  lignite  gas  in  the  tests  reported  in  this  bulletin, 
which  represent  the  character  of  gas  produced  on  a  considerable  scale 
and  probably  aggregating  1,000,000  to  2,000,000  cubic  feet,  it  is 
evident  that  from  the  carbonization  of  lignite  there  can  be  recovered 
unpurified  gas  that  will  have  a  heating  value  of  nearly  400  British 
th^Toal  units  per  cubic  foot,  and  of  sufficiently  good  quality  to 
render  it  valuable  for  many  purposes.  Furthermore,  the  yield  of 
gas  from  partly  air-dried  lignite  is  excellent,  reaching  10,000  or  1 1,000 
cubic  feet  per  ton.  This  quantity  would,  of  course,  be  reduced  if 
calculated  on  the  basis  of  wet  lignite. 

The  retorting  has  been  done  at  comparatively  low  temperatures, 
thereby  reducing  considerably  the  cost  of  production.  The  gas  is 
rather  high  in  carbon  dioxide  and  hydrogen,  as  will  be  seen  by  the 
aiialyses,  but,  as  has  already  been  stated,  the  high  content  of  those 
constituents  is  undoubtedly  due  in  a  large  degree  to  the  moisture 
aad  air  that  are  absorbed  on  accoimt  of  the  porous  character  of  the 
^^te,    p^rt  of  the  moisture,  however,  is  derived  from  the  air  in  the 
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retort  and  pipes,  a  condition  unavoidable  in  stopping  and  starting 
an  experixnental  plant,  but  such  moisture  would  be  much  less  propor- 
tionally if  the  gas  were  manufactured  continuously  in  a  large  plant. 
In  retorting,  the  oxygen  from  the  air,  present  from  the  sources  just 
mentioned,  combines  naturally  with  the  carbon  fomung  a  larger 
proportion  of  carbon  dioxide  and  carbon  monoxide,  thus  leaving  a 
relatively  large  proportion  of  nitrogen. 

The  gas  made  from  Ugnite  has  been  subjected  not  only  to  a  laige 
number  of  chemical  and  calorific  tests,  but  has  also  been  put  to  a 
great  variety  of  practical  uses.  It  has  been  burned  in  the  ordinary 
manner  for  lighting  purposes  and  gives  a  most  satisfactory  and  bril- 
liant light  when  used  with  the  ordinary  mantle  burner,  although  it 
has  small  illuminating  qualities  when  used  in  the  open-tip  burner. 
When  used  with  a  mantle  it  produces  a  clear  smokeless  flame  that, 
with  proper  adjustments,  may  be  easily  regulated  so  that  the  light 
will  equal  that  produced  from  the  use  of  ordinary  city  gas  with 
mantles. 

A  series  of  photometric  tests  of  the  gas  used  with  a  mantle  have 
been  made,  and  show  excellent  results.  The  gas  seems  sufficiently 
free  from  sulphur  and  other  objectionable  impurities  to  permit  its 
use  without  complete  purification.  The  cost  of  the  gas  supplied  for 
domestic  purposes  would  thus  be  materially  reduced.  Of  course  the 
gas  would  be  subjected  to  the  usual  water  scrubbing. 

It  is  true  that  the  gas  is  rather  high  in  carbon-dioxide  content,  but 
if  the  gas  were  produced  as  a  by-product  in  the  manufacture  of 
briquets  from  Ugnite,  it  could  be  made  at  such  a  low  cost  that  if  dis- 
tributed unpiurified  it  could  be  sold  at  a  correspondingly  low  price 
and  used  with  mantles  for  lighting  and  for  cooking  without  the  nec^- 
sity  of  treatment  for  the  removal  of  carbon  dioxide.  The  gas  could 
be  purified  in  the  usual  manner  and  enriched,  but  the  wiser  way 
would  seem  to  be  to  sell  the  gas  at  low  enough  price  so  that  purifica- 
tion woidd  not  be  necessary. 

The  author  has  used  the  gas  without  purification  rather  exten- 
sively for  lighting,  heating,  and  experimental  purposes.  Purification, 
however,  could  be  done  by  the  methods  usually  employed  for  purify- 
ing ordinary  coal  gas,  and  if  the  gas  were  thus  purified,  the  composi- 
tion and  heating  power  would  be  considerably  modified.  The  heating 
value  developed  would  probably  be  increased  to  450  British  thermal 
units.    The  gas  could  then  be  further  enriched  if  desired. 

The  lignite  gas  is  naturally  what  is  known  as  a  ''dry"  gas  and  when 
dehvered  from  the  holder  is  almost  free  from  tar  and  ather  matter 
that  in  ordinary  city  gas  often  causes  trouble  through  condensation  and 
clogging.  Its  freedom  from  such  constituents  would  be  a  material 
aid  in  the  practical  distribution  and  use  of  lignite  gas,  especially  in 
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cold  climates.  The  most  severe  and  continued  tests  have  been 
given  lignite  gas  to  determine  the  condensation  produced  when  it  is 
carried  in  slightly  protected  pipes  during  cold  weather.  In  the 
tests  no  trouble  was  experienced  from  condensation. 

The  gas  has  been  successfully  used  not  only  for  lighting,  cooking, 
heating,  etc.,  but  also  in  a  small  way  for  generating  power.  It  has 
given  uniformly  excellent  satisfaction,  with  unexpectedly  high 
efficiency. 

USE  OF  LIGNITE   GAS   FOR  POWER  PRODUCTION. 

The  use  of  lignite  gas  either  from  retort  ovens  or  modified  ovens 
presents  many  commercially  attractive  featiures.  Although  the 
power  tests  have  not  as  yet  been  carried  very  far,  enough  has  been 
done  to  prove  that  the  gas  can  be  used  with  entire  satisfaction  for 
power  in  gas  engines.  Several  tests  have  been  run  with  modified 
gasoline  or  gas  engines  at  the  mining  substation  and  at  the  school 
of  mines.  At  the  latter  the  tests  were  made  in  comparison  with 
standard  city  gas,  and  the  lignite  gas  was  found  especially  satisfac- 
tory, developing  relatively  high  efficiency. 

There  is  little  doubt  that  lignite  gas  can  be  successfully  employed 
for  power  purposes,  and  that  power  can  be  produced  at  such  a  low 
figure  as  to  exert  a  marked  influence  in  the  development  in  the 
Western  lignite  area  of  a  variety  of  industries  dependent  on  cheap 
and  abundant  power,  which,  with  the  establishmg  of  large  by-product 
plants,  may  become  a  close  rival  of  hydroelectric  power. 

Because  of  the  ease  with  which  the  gas  is  produced,  the  low  cost  of 
the  original  lignite,  and  the  value  of  the  residue  when  briquetted, 
the  gas  should  have  a  large  commercial  value  for  hghting,  heating, 
and  power  purposes  in  many  districts,  especially  in  view  of  the  low 
price  for  which  it  could  be  sold  if  manufactured  as  a  by-product  in  a 
plant  used  also  to  produce  briquets  from  lignite  residue. 

TIELD  OF   AMMONIA   AND   TAB   FROM   LIGNITE    DISTILLATION. 

Tests  to  determine  the  yield  of  ammonia  from  lignite  indicated  a 
yield  as  large  as  could  be  expected.  This  by-product  in  the  form  of 
ammonium  sulphate  is  of  considerable  commercial  value  and  is  used 
in  many  ways,  especially  as  a  fertilizer.  The  author  has  not  done  a 
large  amount  of  work  on  this  problem,  but  sufficient  determinations 
have  been  made  to  show  an  average  yield  of  approximately  17.4 
pounds  of  ammonium  sulphate  per  ton  of  dried  coal,  or  about  25 
pounds  per  ton  of  briquets.  The  by-product  is  thus  of  sufficient 
value  to  be  worthy  of  careful  consideration  because  if  saved  in  a  largo 
plant  it  would  return  considerable  revenue  and  reduce  the  final  cost 
of  briquetting. 

1888^— Bull.  8»— 15 4 
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By  reference  to  the  table  showing  tar  yields  at  different  tempera- 
tures (p.  39)  it  will  be  seen  that  at  temperatures  of  900*^  to  1,500^ 
F.  approximately  50  pounds  of  tar  can  be  recovered  on  an  average 
from  the  carbonization  of  1  ton  of  partly  air-dried  lignite.  The 
exact  quantity  will  fluctuate  with  the  character  of  the  lignite,  the 
temperature  of  distillation,  and  the  percentage  of  moisture  present 
in  the  lignite.  The  maximum  yield  seems  to  be  obtained  at  approx- 
imately 1,200®  F.  At  a  higher  temperature  it  is  quite  evident  that 
destructive  distillation  of  the  tar  begins,  thereby  reducing  the  tar 
yield.  The  destructive  distillation  also  causes  an  increased  gas 
yield  at  higher  temperatures,  seemingly  due  to  the  breaking  up  of 
the  hydrocarbons  of  the  tar. 

The  table  following  gives  the  percentage  of  tar  in  the  lignite  used 
in  nine  tests: 

Tar  yielda  in  retort  tesU  of  lign\U9fi 


Sample  No. 


1. 

a. 

8. 
4. 
6. 
6. 


Quantity 
of  tar  per 
ton  of  lig- 
nite as 
charged. 


Pounif. 

a&oo 

27.00 
77.78 
M.40 
61.80 
67.00 


Proportlo 
of  tar  in 
lignite. 


on 


Percent. 
1.30 
1.36 
3.80 
2.83 
3.09 
3.35 


Sample  No. 


7. 
8. 
9. 


ATerage. 


Quantity 
of  tar  per 
ton  of  lig- 
nite as 
charged. 


PouftdM, 
39.26 
46.20 
fi&OO 


50.72 


Proportion 
of  tar  in 
lignite. 


Percent, 
1.96 
2.31 
2.75 


2.54 


•  The  lignite  was  partly  dried,  oontahiing  8  to  27  per  cent  molstaie. 

Variations  in  temperature  aifect  the  character  of  the  tar,  its  specific 
gravity  ranging  from  approximately  0.92  to  0.97.  Under  ordinary 
conditions  the  tar  is  a  thin  fluid  of  a  peculiar  odor  and  an  oily  char- 
acter. The  tar  seems  to  be  high  in  paraffin  ingredients  and  in  lignite 
oils,  and  seems  to  be  especially  well  adapted  for  use  as  a  wood  filler, 
many  large  and  small  scale  tests  having  been  made  of  such  use  of  the 
tar  without  further  treatment.  For  this  and  other  purposes  it  should 
be  of  considerable  commercial  value. 

DERIVATION  OF  OIL  FROM  UaNITE  TAB. 

Lignite  tar  is  not  in  its  natural  condition  adapted  to  briquetting 
purposes,  but  by  special  methods  of  treatment  that  are  being  devel- 
oped by  the  writer  it  seems  entirely  probable  that  a  large  proportion 
of  lignite  tar  may  be  used  in  connection  with  other  material  as  an 
ingredient  of  the  binder  for  briquetting  the  lignite  residue,  thus 
reducing  considerably  the  cost  of  the  briquet  binder. 

As  has  already  been  stated,  the  tar  recovered  from  lignite  carboni- 
zation, under  proper  conditions,  shows  an  oily  and  paraffin  character 
and  remains  under  normal  temperature  in  a  free  fluid  condition. 
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Work  has  been  begun  under  the  direction  of  the  writer  for  the  recovery 
of  several  by-products  from  this  lignite  tar,  and  it  has  been  found  that 
an  appreciable  yield  of  heavy  oil  may  be  derived  from  the  proper 
treatment  of  lignite  tar  that  has  been  recovered  at  the  proper  carbon- 
izing temperature. 

As  a  by-product  in  the  manufacture  of  lignite-residue  briquets,  it 
would  appear  from  the  work  thus  far  done  that  the  oil  would  amount 
to  about  2  gallons  for  each  ton  of  briquets  produced.  The  flash 
point  of  the  oil  seems  to  vary  between  120^  and  185^  F.,  the  exact 
temperature  depending  on  the  conditions  of  carbonization  and 
distillation.  The  oil  undoubtedly  aids  in  keeping  the  heavier  and 
thicker  pitch-forming  hydrocarbons  in  solution  in  raw  lignite  tar. 

The  oil  should  have  considerable  commercial  value.  It  could 
probably  be  used  to  advantage  in  internal-combustion  engines 
adapted  to  the  use  of  heavy  oils,  especially  as  the  oil  does  not  appear 
to  deposit  any  troublesome  tarry  matter.  A  similar  use  of  li^te 
oil  is  su^ested  by  Allen.^ 

It  win  thus  be  seen  that  the  lignite  tar  can  undoubtedly  be  made 
of  considerable  connnercial  value  in  a  large  by-product  plant  by 
utilizing  it  in  any  of  the  various  ways  suggested. 

LXaNHB-BBIQUETTIKa  EXPBBIKBNTS. 

As  already  mentioned,  the  process  developed  under  supervision  of 
the  author  for  the  successful  manufacture  of  briquets  from  Ugnite  is 
intimately  associated  with  the  production  of  gas;  and  according  to 
this  system  a  complete  briquetting  plant  would  also  include  a  simple 
gas  plant  or  at  least  the  carbonizing  part.  Consequently,  the  dis- 
cussion of  the  manufacture  of  gas  from  lignite  has  preceded  a  con- 
sideration of  the  subject  of  briquetting. 

DETAILS  OF  PBOCESS   SHOWN  TO  BE   ESSENTIAL. 

The  process  of  lignite  briquetting  that  has  been  evolved  at  the 
school  of  mines  of  the  University  of  North  Dakota  and  at  the  mining 
substation  depends  on  the  concentration  of  the  raw  lignite  into  a  fuel 
of  relatively  high  heating  value,  and  of  sufficient  value  to  be  shipped 
for  some  distance  for  domestic  and  other  use. 

Such  concentration  depends  on,  first,  the  removal  of  the  moisture, 
second,  the  expulsion  and  saving  of  the  volatile  gas,  and  third,  the 
binding  together  of  the  concentrated  residue  into  strong  and  durable 
briquets  of  suitable  size.  As  the  coal  is  removed  from  the  mine  it 
contains  a  high  proportion  of  moisture,  usually  more  than  30  per 

o  AHen,  I.  C,  Heavy  on  and  fiiel  for  intemal-combostioii  ongiiies:  Technical  Paper  37,  Bureau  of 
Mtaies,19I3,30pp. 
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cent;  that  is,  about  one-third  of  every  ton  of  raw  lignite  as  mined  is 
water.  The  moisture  content  is  largely  responsible  for  the  difficulty 
in  the  successful  introduction  of  lignite  except  in  the  immediate 
vicinity  of  the  mines. 

The  cost  of  shipping  for  long  distances  fuel  containing  so  much 
water  is  excessive.  In  addition,  the  heating  value  of  the  coal  is 
reduced  by  the  high  proportion  of  water  present.  On  standing,  a 
part  of  the  water  evaporates  from  the  coal,  but  the  evaporation  tends 
to  reduce  the  lumps  to  slack,  causing  thereby  a  large  amount  of  waste. 
In  converting  the  raw  lignite  into  the  condensed  briquets,  the  first 
step  is  the  removal  of  the  water  in  a  manner  least  harmful  to  the 
lignite. 

METHOD   OF  DRYING  THE   LIGNITE. 

In  the  experimental  plant,  if  the  gas  is  to  be  saved  especially  for 
domestic  lighting  or  heating,  the  drying  of  the  lignite  is  done  first 
by  means  of  a  rotary  drier.  The  large  lumps  as  removed  from  the 
mine  are  crushed  to  about  the  size  of  an  e^.  They  are  then  run 
through  the  drier,  which  removes  75  to  90  per  cent  of  the  moisture. 
There  are  a  variety  of  types  of  driers  that  can  be  used  for  this  purpose, 
but  the  style  employed  at  the  experimental  plant  consists  of  a  sheet- 
steel  cyliuder  attached  to  a  revolving  shaft  which  serves  to  feed  and 
mix  the  coal  while  the  cylinder  is  slowly  revolving. 

Beneath  the  cylinder  is  a  small  fire  box  so  arranged  that  it  will 
gently  heat  the  revolving  cylinder.  The  whole  machinery  is  inclosed 
in  brickwork.  Slack  coal  is  used  for  firing,  and  only  a  small  amount 
is  required  per  ton  of  raw  coal  dried.  The  power  per  ton  for  driving 
the  drier  is  also  small,  and  the  operation  is  efficient. 

After  the  coal  has  been  sufficiently  dried  it  is  conveyed  to  the  gas- 
retorting  room  and  is  treated  in  the  retort  after  the  manner  already 
explained.  This  process  is  usually  completed  in  about  four  hours. 
At  the  end  of  this  time  the  retort  is  discharged  and  the  remaining 
coal  residue  conveyed  to  a  brick  bin,  where  it  is  quenched  with  a  spray 
of  water. 

BRIQUETTING  PLANT   OF  NORTH  DAKOTA    SCHOOL   OF  MINES. 

The  experimental  briquetting  plant  (PL  HI)  is  continuous,  with  a 
capacity  of  15  to  20  tons  per  10  hours.  In  this  plant  the  carbonized 
residue  goes  first  to  a  disint^rator,  which  breaks  all  lumps  of  residue 
to  a  i-inch  size  and  finer.  The  broken  residue  is  then  conveyed  to  a 
set  of  rolls  which  reduce  it  to  the  proper  size  for  briquetting.  It  is 
then  lifted  by  elevator  (a,  PI.  HI)  to  a  bin  (i,  PI.  HI) ,  from  which  it 
passes  through  an  automatic  feeder  (c,  PL  HI)  which  gives  the  correct 
proportion  of  residue  to  binding  material. 
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At  this  point  an  automatic  feeder  delivers  also  the  proper  amount 
of  ground  screenings,  or  low-grade  flour,  1  to  2  per  cent  generally- 
being  used.  The  mixture  is  then  delivered  to  a  preheater  and  con- 
veyor {dy  H.  ni)  which  conveys  and  nuxes  the  dry  material  and  at  the 
same  time  brings  it  to  a  temperature  of  about  100^  F.;  thence  it 
is  delivered  into  the  mixer  (e,  PI.  III).  At  this  point  the  binding 
pitch  is  introduced  through  a  rotary  meter,  by  means  of  which  the 
exact  amount  of  pitch  binder  desired  may  be  used.  Most  of  the  pitch 
used  has  a  melting  point  of  145^  F. 

The  pitch  is  melted  in  a  steam-heated  tank  (/,  PL  III),  from  which 
it  flows  by  gravity  to  the  meter.  It  is  then  sprayed  and  blended 
with  steam  in  the  mixer.  The  mixer  is  steam-jacketed  and  so 
designed  that  it  thoroughly  mixes  the  binding  material  and  the  lignite 
residue,  at  the  same  time  moving  the  mixture  forward  and  delivering 
it  at  exactly  the  proper  speed  for  the  briquetting  press.  On  its  way 
to  the  briquetting  press  the  mixture  is  carefuUy  cooled  to  the  proper 
temperature  by  a  special  device  (y,  PI.  HI)  which  can  be  regulated  to 
meet  the  changes  in  atmospheric  temperature.  Tbe  mixture  then 
passes  through  the  press  Q' ,  PI.  HI)  and  the  briquets  are  delivered  to 
a  cooling  belt  (i,  PL  HI)  "^  rhich  conveys  them  to  storage  bins. 

The  plant  is  complete  imd  no  hand  work  is  done  from  the  time 
the  residue  is  delivered  <o  the  crusher.  All  of  the  machiuery  is 
carefully  timed  so  that  every  part  operates  at  the  proper  speed  and 
delivers  exactly  the  rig^t  proportion  of  material.  Considerable 
skill  is  required  in  the  operation  of  the  plant  to  keep  the  adjustment 
exactly  right,  but  the  plant  has  been  so  carefully  constructed  that  it 
operates  uniformly  and  with  comparatively  little  attention. 

There  are  numerous  details  of  mixing,  cooling,  etc.,  that  can  be 
properly  understood  and  controlled  only  by  experience.  Conditions 
vary  greatly  with  the  kind  and  character  of  the  binding  material 
used. 

BRIQUETTING  PRESS   USED. 

The  press  that  is  used  at  the  experimental  plant  is  of  the  rotary 
type.  It  was  built  to  order  and  is  capable  of  producing  2  tons  of 
briquets  per  hour.  Careful  consideration  indicated  that  for  the  lig- 
nite material  in  the  form  being  used  the  simplest  type  of  rotary  press 
would  probably  be  the  most  satisfactory;  moreover  the  simplest 
and  most  easily  operated  machine  and  the  one  requiring  the  least 
power  seemed  most  desirable.  The  type  of  press  shown  in  Plate 
IV,  A,  has  proved  satisfactory. 

There  are  several  varieties  of  briquetting  machines.  They  are 
in  the  main,  however,  of  two  kinds,  namely,  the  rotary  and  the 
plunger  types.  The  plunger  machines  are  made  in  either  low  or 
high  pressure  styles,   and  have  been  rather  extensively  used  in 
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Europe.  With  certain  varieties  of  coal  and  certain  types  of  binders 
such  presses  have  been  satisfactory,  but  the  rotary  machine  seemed 
well  adapted  to  the  purposes  of  the  experimental  plant  and  was  se- 
lected for  the  work  on  the  lignite. 

The  machine  used  is  extremely  simple  in  its  design  and  operation. 
The  material  to  be  briquetted  is  fed  between  two  rolls,  the  surfaces 
of  which  are  covered  with  pillow-shaped  pockets,  half  of  a  pocket 
being  on  the  front  roll  and  half  on  the  rear  roll.  The  rolls  are  so 
geared  that  the  two  halves  of  each  pocket  exactly  match  as  the  rolls 
revolve.  The  lignite  mixture  is  caught  between  the  rolls,  pressed 
into  the  pockets,  and  formed  into  firm  dense  briquets,  which,  as  the 
rolls  revolve,  are  dischai^ed  to  a  belt  conveyor,  by  which  they  are 
carried  to  the  storage  bins.  The  experimental  press  produces  a 
briquet  weighing  2}  oimces,  and  when  producing  2  tons  of  briquets 
per  hour  requires  about  8  horsepower. 

Some  presses  of  this  type  have  a  capacity  of  10  to  20  tons  per  hour 
of  finished  briquets,  but  the  operation  is  in  every  way  identical. 

CHARACTER  OF  BRIQUETS  MADB    BY  DIFFERENT  PROCESSES. 

Briquetted  fuels  have  been  exteu  lively  used  in  Grermany  and  in 
other  parts  of  Europe,  where  a  vari'ity  of  methods  of  manufacturing 
have  been  employed,  with  varyin/^  degrees  of  success.  With  cer- 
tain European  coals  briquet  blocPs  have  been  produced  without  a 
binder,  whereas  with  other  coals  lime,  sugar  wastes,  starch,  pitch, 
and  other  binding  materials  have  been  employed.  Numerous 
attempts  have  been  made  in  this  country  to  briquet  lignite  without 
a  binder  merely  by  excessive  pressure,  but  the  plan  has  proved  un- 
satisfactory. By  such  a  process  the  expense  for  power  and  opera- 
tion nearly  equals  the  cost  of  the  binder.  Moreover,  no  satisfactory 
briquets  of  American  lignites  have  been  produced  on  a  commercial 
scale  without  a  binder.  It  has  therefore  been  generally  conceded 
that  in  America  the  best  briquets  are  produced  by  the  use  of  some 
binding  material. 

It  is  true  that  in  some  instances  good-looking  raw-ligmte  briquets 
have  been  obtained  in  a  small  way  by  the  use  of  high  pressure  and 
without  a  binder.  However,  such  briquets  have  not  really  been 
satisfactory.  Some  have  appeared  all  right  until  they  were  exposed 
to  the  weather  or  to  furnace  heat,  when  they  would  disintegrate. 
Briquets  are  not  made  for  looks  but  for  fuel  purposes.  They  must, 
therefore,  be  capable  of  successfully  withstanding  rough  handling, 
severe  weathering,  and  hard  furnace  use. 

Most  raw-lignite  briquets — that  is,  those  made  simply  from  partly 
air-dried  lignite  either  with  or  without  a  binder — ^look  satisfactory 
when  they  have  not  been  subjected  to  the  severe  tests  required  for 
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a  commercial  fuel.  Some  of  these  briquets  will  stand  fairly  well  a 
short  period  of  weathering,  but  most  of  them,  especiaUy  those  that 
have  been  made  from  air-dried  lignite  under  heavy  pressiu'e  and  with- 
out a  binder,  become  brittle  and  are  easily  broken  even  by  mod- 
erate handling  after  having  been  exposed  for  a  short  time  to  atmos- 
pheric conditions  and  furnace  heat. 

Briquets  produced  from  air-dried  lignite  from  which  only  the  water 
has  been  removed  will  not  stand  successfully  ordinary  furnace  con- 
ditions, particularly  if  the  briquets  are  made  without  a  binder.  The 
briquets  made  of  the  dry  lignite  contain  all  of  the  light  volatile  gases 
of  the  original  lignite  lumps.  When  briquets  of  this  character  are 
heated  in  a  furnace  until  they  begin  to  glow,  the  large  quantity  of 
light  gas  contained  in  the  partly  dried  lignite  is  rapidly  forced  out  of 
the  briquet,  causing  it  to  either  crumble  in  the  furnace  or  become  so 
fragile  that  a  mere  touch  of  the  poker  will  make  it  fall  to  pieces. 
The  dry  lignite  particles  that  have  not  had  an  opportunity  to  bum 
then  begin  to  fall  through  the  grate,  and  much  material  drops  un- 
bumed  into  the  ash  pit.  In  fact,  such  briquets  are  not  commercially 
as  practical  as  lump  lignite  and,  moreover,  there  has  been  considerable 
cost  added  to  them  in  the  process  of  drying,  crushing,  and  briqnetting. 

It  is  true  that  such  dry  ligmte  briquets  may  on  test  show  a  calorific 
value  as  high  as  9,000  or  10,000  British  thermal  units,  but  when 
actually  burned  in  the  furnaces  this  calorific  value  is  nowhere  near 
realized  because  of  the  disintegration  mentioned.  Consequently 
the  briquetting  of  air-dried  lignite  whether  without  or  with  a  binder 
does  not  promise  a  satisfactory  commercial  product. 

Many  efforts  have  been  made  to  obtain  a  form  of  air-dried  briquet 
that  would  meet  the  requirements  of  a  commercial  fuel,  but  none 
has  suceeded  in  a  commercial  way  so  far  as  the  use  of  Western  lignites 
is  concerned.  In  the  briquetting  of  German  lignites,  the  conditions 
are  entirely  different  from  those  encountered  in  connection  with 
most  Western  lignites.  After  much  investigation  and  many  hun- 
dreds of  tests,  the  writer  has  been  convinced  that  the  most  satisfac- 
tory, if  not  the  only  successful,  method  of  briquetting  lignite,  is  to 
carbonize  the  raw  lignite  so  as  to  remove  at  least  a  large  proportion 
of  the  volatile  gases  as  well  as  the  moisture. 

The  residue,  as  shown  previously,  has  a  greatly  increased  heat 
value,  and,  relieved  of  its  excess  of  light  gases,  becomes  an  excellent 
material  for  briquetting.  Briquets  from  this  residue  when  produced 
as  described  above  stand  handling,  weathering,  and  severe  fmnace 
tests  with  a  high  degree  of  satisfaction. 

BUBNING  TESTS  OF  BRIQUETS  MADE  IN  EXPERIMENTAL  PLANT. 

Plate  IV,  Bj  shows  a  large  briquet  made  of  dried  lignite  and  two 
small  briquets  made  from  lignite  residue  by  the  process  previously 
described.    These  two  briquets  were  placed  side  by  side  on  a  fire- 
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clay  slab  and  introduced  into  a  muffle  furnace  which  was  heated  to 
re<kie88.  In  a  few  moments  the  briquets  were  heated  to  the  point 
of  ignition.  The  small  briquets  burned  with  Utile  flame  and  retained 
their  form  perfectly.  The  large  briquet  soon  began  to  crumble,  and, 
although  unbumed,  soon  disintegrated  so  far  as  to  leave  only  the  mass 
of  lignite  particles  shown  in  Plate  IV,  (7. 

TYPES   OF   BINDEBS   USED. 

Many  different  binders  have  been  employed  both  in  GoTemment 
and  in  private  tests  but  the.one  most  widely  used  and  most  generally 
satisfactory  is  some  form  of  pitch,  usually  what  is  called  a  rather  hard 
pitch.    Best  results  at  the  experimental  plant  have  been  procured 
with  a  pitch  having  a  melting  point  of  about  145^  F.    There  are 
many  advantages  in  such  a  binder.    It  is  readily  obtamed  in  large 
quantities  from  coal-gas  plants  and  from  by-product  coke  ovens. 
It  is  reasonably  cheap  and  is  free  from  ash,  has  excellent  heating 
qualities,  and  as  a  binder  produces  a  strong  and  waterproof  product. 
For  these  reasons  in  most  of  the  briquetting  work  herein  reported 
some  form  or  combination  of  pitch  binders  has  been  used,  but  many 
other  binders,  such  as  flour,  starch,  gypsum,  and  various  combinar- 
tion  binders,  have  also  been  used.     Up  to  the  present  time  the  best 
results  have  been  achieved,  however,  by  using  a  small  amount  of  pitch 
as  a  binder  base  and  mixing  with  it  a  small  percentage  of  sonfe  of  the 
other  materials  mentioned.    Several  hundred  tests  have  been  run  with 
different  binders  in  different  proportions  and  under  varying  con- 
ditions.    Probably  the  best  and  cheapest  lignite-residue  briquets 
have  been  made  with  a  mixture  of  5  or  6  per  cent  pitch  blended 
with  about  5  per  cent  bitimiinous  coal  dust  and  1  to  2  per  cent  of 
flour  or  fine  ground  screenings  from  grain. 

In  the  process  of  gas  manufacture  the  author  has  found  that  about 
50  pounds  of  tar  is  obtained  from  carbonizing  1  ton  of  dry  lignite,  or, 
in  other  words,  there  would  be  produced  by  the  experimental  methods 
of  manufactiu'e  over  50  pounds  of  tar  for  every  ton  of  lignite 
briquets  produced,  the  exact  quantity  depending  upon  the  degree 
of  carbonization.  By  a  simple  process  on  which  the  writer  is  now 
working,  the  tar  can  probably  be  utilized  for  a  considerable  part 
of  the  binder  material,  so  that  probably  not  more  than  4  per  cent 
of  pitch  in  addition  to  that  derived  from  the  lignite  will  be  required. 
Or,  if  the  lignite  tar  is  more  valuable  than  ordinary  pitch,  as  now 
seems  probable  on  account  of  its  peculiar  composition,  it  may  be  sold 
at  sufficiently  high  price  to  go  a  considerable  way  in  reducing  the  cost 
of  the  other  binders  required  in  briquetting. 

Attention  has  already  been  called  to  the  desirability  of  using  the 
gas  in  connection  with  the  briquetting,  and  to  the  revenue  that  may 
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be  derived  for  the  plant  by  a  combination  of  gas  and  briquetting 
plants,  but  in  addition,  as  has  already  been  mentioned,  there  is  a 
considerable  quantity  of  ammonium  sulphate  formed  (about  25 
pounds  per  ton  of  briquets),  and  this  by-product  has  a  ready  market. 
Thus,  if  the  various  by-products  are  saved  and  the  revenue  derived 
from  them  is  applied  to  the  manufacture  of  the  briquets,  the  cost  may 
be  materially  reduced.  In  a  large  conmiercial  plant  the  saving 
of  a  few  cents  per  ton  wiU  be  sufficient  to  net  a  good  profit. 

The  briquets  now  being  produced  regularly  and  in  considerable 
quantities  at  the  mining  substation  are  first-class  in  every  respect. 
They  are  strong,  hard,  durable,  and  will  stand  weathering  excellently 
and  bum  with  entire  satisfaction  in  almost  any  type  of  stove  or 
furnace.  They  have  been  tested  in  a  great  variety  of  ways  and  have 
given  good  results. 

ABRASION   AND   GBUSHINO  TESTS  OF  BRIQUETS. 

In  order  to  determine  how  well  lignite  briquets  would  stand  such 
necessary  handling  as  loading,  shipping,  and  shoveling,  a  large  num- 
ber of  comparative  tests  were  made  with  the  briquets  and  with  the 
best  grade  of  lump  soft  coal.  Abrasive,  drop,  and  crushing  tests  were 
included.  The  abrasive  tests  were  made  in  a  machine  having  two 
rotating  cylinders  on  the  same  shaft.  In  one  cylinder  was  placed  a 
weighed  quantity  of  lignite  briquets  and  in  Uie  other  a  weighed 
quantity  of  standard  coal  of  the  same  size;  the  cylinders  were  then 
rotated  for  the  same  period  and  at  the  same  speed.  At  the  end  of 
the  test  the  remaining  lumps  were  removed,  and  the  fine  as  well  as 
the  broken  parts  of  each  less  than  one-half  inch  in  size  were  weighed 
and  the  percentage  of  abraded  material  calculated.  The  table  fol- 
lowing gives  the  results  of  the  tests. 

Rendu  of  comparative  abrasion  and  crushing  tests  of  various  hinds  of  coal  and  of  lignite 

briquets.^ 


Sample 
No. 


1, 
2. 
3. 

4. 

5. 

e. 

7. 
8. 
9. 


Kind  of  coal. 


AntfaxBOite 

Kentackylamp. 
Youshiogbeny... 

Pocahflates. 

Lignite  briquets. 

do 

do 

.....do 


Proportion 
larger  than 
l-lnch  sixe 
remaining 

after 
abrasive 

tests. 


Percent. 
08.50 
93.43 
81.20 
88.65 
75.75 
99.60 
97.75 

v9. 3o 
99.23 


Craahing 

strength 

per  square 

inch. 


Pound*. 
3,9S0 
1,970 
3,680 
1,610 
1,556 
1,810 
1,370 
1,530 
1,826 


a  Results  represent  averages  of  three  tests. 
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The  table  indicates  that  lignite  briquets  withstood  abrasion  better 
than  any  of  the  coals  tested,  including  both  anthracite  and  bituminous 
varieties.  The  briquets  would  therefore  stand  handling  remarkably 
well  and  the  loss  in  dust  would  not  be  large. 

In  the  crushing  tests  it  was  not  supposed  that  the  briquets  would 
give  nearly  as  high  results  as  would  standard  coal.  It  will  be  seen, 
however,  that  the  briquets  were  stronger  than  the  Pocahontas  coal 
and  averaged  nearly  as  strong  as  Youghiogheny  coal.  The  results  of 
both  the  crushing  and  the  abrasion  tests  were  remarkably  satisfactory. 

DROP  TESTS. 

Drop  tests  were  also  made  in  a  specially  designed  drop-test  box 
from  which  a  definite  weight  of  briquets  and  standard  coal  were 
alternately  dropped  from  the  same  height.  The  percentage  of 
broken  limips  from  each  test  was  determined.  CJomparative  breaking 
tests  were  also  made  by  briskly  striking  together  the  briquet  and  the 
coal  used  for  comparison.  In  nearly  all  the  tests  soft-coal  lumps  were 
readily  broken  without  injury  to  the  briquets.  The  breaking  and 
drop  tests  indicated  that  Kgnite  briquets  are  stronger  than  many 
bituminous  coals. 

It  will  thus  be  seen,  from  the  results  of  the  series  of  tests  outlined, 
that  the  briquets  produced  from  lignite  residue  have  excellent  physi- 
cal qualities  and  will  unquestionably  stand  shipment  and  handling 
satisfactorily.  The  briquets  can  be  considered  a  reasonably  dean 
and  satisfactory  fuel  to  handle. 

WEATHERING    TESTS. 

In  order  to  determine  the  ability  of  the  lignite-residuo  briquets 
to  withstand  weathering,  a  nimiber  of  severe  tests  were  made.  In 
one  set  of  tests  a  pile  of  the  briquets  was  exposed  on  the  roof  of  a 
building  for  one  year.  There  the  briquets  were  compelled  to  with- 
stand all  the  changing  climatic  conditions,  such  as  wind,  heat,  rain, 
and  frost.  At  the  end  of  one  year  the  briquets  were  still  ia  fairly 
good  condition  and  could  be  used  for  fuel  piuposes.  They  showed 
only  slight  surface  effects. 

In  another  test  half  a  carload  lying  on  the  ground  was  exposed  to 
the  weather  for  six  months,  with  hardly  any  perceptible  weathering 
effect.  Such  results  show  the  remarkable  cQfference  in  the  action  of 
weather  on  briquets  and  on  the  raw  lignite.  Lignite  as  mined  quickly 
slacks  into  small  pieces  or  dust  on  exposure  to  the  atmosphere. 

Plate  V,  A,  shows  a  lump  of  freshly  exposed  lignite  and  Plate  V, 
B,  shows  the  slack  produced  after  similar  lumps  had  been  allowed  to 
stand  a  short  time  in  the  air.  Plate  V,  C,  shows  a  pile  of  briquets 
that  had  been  exposed  to  the  weather  for  six  months  without  appro- 


,    LIQNITE  LUMP,  AS  MARKETED. 


B.     STACK  OF  LIGNITE  LUMPS  AFTER  EXPOSURE  TO  WEATHER. 


C.     STAMOARD  LIGNITE-RESIDUE  BRIQUETS  AFTER    EXPOSURE  TO  WEATHER  FOR 
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dable  effect.  It  will  thus  be  seen  that  briquets  made  from  carbon- 
ized lignite  residue  are  well  qualified  to  stand  considerable  exposure 
without  material  deterioration,  and  that  the  value  of  the  process  is 
sufficient  to  warrant  a  considerable  briquetting  ex]>ense  on  this 
account,  to  say  nothing  of  the  increased  heating  and  other  values. 

The  briquets  stand  in  the  furnace  during  the  complete  process  of 
combustion  without  crumbling,  and,  as  already  mentioned,  this 
quality  is  important  and  seemingly  can  not  be  obtained  by  any 
process  of  briquetting  the  simple  dry  lignite.  Briquets  made  from 
carbonized  lignite  residue,  however,  stand  through  the  whole  period 
of  burning  remarkably  weU.  They  are  frequently  seen  in  perfect 
form  until  all  of  the  fixed  carbon  has  been  burned.  If,  then,  the  ash 
is  touched  with  a  rod,  it  falls  to  a  powder,  showing  practically  no 
uncoDsumed  carbon. 

This  property  of  the  briquets  of  withstanding  the  effect  of  intense 
furnace  heat  without  disintegration  is  one  of  great  practical  com- 
mercial value,  and  the  fact  that  the  ash  bums  clear  of  carbon  permits 
a  marked  saving  over  the  ash  loss  of  bituminous  and  anthracite  coal 
as  ordinarily  burned,  for  in  the  ash  of  these  coals  it  is  well  known 
that  there  is  a  considerable  proportion  of  unconsumed  fixed  carbon. 
Consequently,  it  is  possible  for  carbonized  lignite  briquets,  even  of  a 
lower  calorific  value  than  anthracite  or  soft  coal,  to  equal  or  surpass 
such  coals  in  actual  heating  results. 

B&3UK6    OF   ADVANTAGES    OF    BRIQUETTING. 

The  chief  advantages  to  be  gained  in  briquetting  carbonized  lignite 
as  outlined  are  the  lai^e  gain  in  heat  value,  the  prevention  of  slacking 
so  characteristic  of  tiiis  coal,  the  holding  together  of  the  mass  during 
combustion,  the  prevention  of  matting  in  the  fire  box,  free  burning, 
uniformity  in  size,  cleanliness  in  handling,  and  decrease  in  the 
losses.  In  addition,  briquets  can  be  used  to  better  advantage  in  a 
variety  of  stoves  and  may  be  kept  under  more  perfect  control  than 
the  ordinary  form  of  lignite.  But  the  greatest  advantages  are  the 
increased  heating  power  and  the  fact  that  the  lignite  is  put  into  a 
form  which  will  stand  weathering,  handling,  and  burning  without 
disint^ration. 

The  briquets  have  many  advantages  over  ordinary  coal  on  account 
of  their  uniformity  of  size  and  shape,  which  make  them  well  adapted 
to  ordinary  use,  as  they  are  free  from  the  extra  small  and  extra  large 
fragments  so  often  found  in  lump  coal.  There  is  comparatively 
UtUe  loss  through  the  grate  bars;  they  bum  to  an  ash,  in  which 
practically  all  of  the  fuel  has  been  consumed.  Anthracite  coal 
leaves  a  considerable  amount  of  clinkers  containing  more  or  less 
black  imperfectly  burned  fuel  or  carbonaceous  matter.    The  com- 
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plete  oombustion  of  lignite  briquets  is  greatly  in  their  favor  as  regiurds 
economy. 

CALORIFIC    DETERMINATIONS. 

It  will  be  seen  that  briquetting  the  lignite  raised  its  heating  power 
about  70  per  cent  and  gave  a  calorimeter  value  of  approximately 
eleven-thirteenths  to  twelve-thirteenths  the  heating  value  of  anthra- 
cite coal.  If  lignite  low  in  ash  is  thoroughly  carbonized  and  the 
resulting  residue  briquetted,  the  briquets  will  show  by  chemical 
analyses  an  approximate  composition  not  greatly  below  anthracite 
coal.  Chemical  analyses  of  such  briquets  as  compared  with  those 
of  raw  lignite  and  anthracite  coal  are  shown  by  the  following  table: 

Chemical  analyies  and  calorifie  values  o/anthraeUe  coaly  ligniUy  and  lignite  briquets. 


Mobtore. 


Lignite  ai  mined 
Lignite  briquets. 
Anthracite 


Percent. 
35.01 
0to6 
lto5 


Volstile 
matter. 


Percent. 
2S.11 
3to8 
2to6 


Fixed 
carbon. 


Percent. 
S4.67 
72  to  82 
78  to  92 


Aah. 


Percent. 

6.21 

10  to  16 

10  to  15 


Heating  valne. 


B.  t. «. 
7,000 to  7.800 
11, 500  to  12,000 
13,000  to  13,500 


The  lignite  briquets  represented  in  the  table  were  made  from  a 
good  grade  of  lignite,  low  in  ash,  which  had  undergone  relatively  com- 
plete carbonization.  It  may  be  said,  however,  that  in  order  to  pro- 
cure results  as  satisfactory  care  must  be  exercised  in  selecting  lignite 
of  low  ash  content,  for  in  the  carbonization  the  ash  is  concentrated 
along  with  the  fixed  carbon  in  the  residue.  If,  therefore,  the  ash 
content  in  the  raw  lignite  is  high,  it  will  be  greatly  increased  in  the 
residue,  and  may  be  so  high  in  an  impure  lignite  as  to  reduce  mate- 
rially the  calorific  value  and  efl5.ciency  of  the  briquets.  Therefore 
the  selection  of  low-ash  lignite  for  briquetting  purposes  is  of  great 
importance. 

If,  however,  raw  lignite  having  a  high  ash  content  is  to  be  briquet- 
ted,  the  results  of  the  tests  herein  reported  indicate  the  desirabiUty  of 
stopping  the  carbonization  before  it  has  been  fully  completed.  By 
this  method  the  light  hydrocarbons  are  driven  off,  but  the  heavier 
hydrocarbons  remain  behind,  increasing  the  yield  of  residue  consid- 
erably and  reducing  the  relative  proportion  of  ash.  The  residue  gives 
a  briquet  that  bums  with  considerable  flame,  but  it  has  high  heat 
value  and  is,  withal,  an  excellent  fuel  for  general  use. 

A  large  proportion  of  the  briquets  produced  at  the  experimental 
station  have  been  made  from  the  partly  carbonized  residue,  and  all 
of  the  tests  reported  in  the  following  pages  were  made  with  this  type 
of  briquet.  It  contains  slightly  less  fixed  carbon  and  ash  than  does 
the  briquet  made  of  completely  carbonized  lignite,  and  contains 
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slightly  more  volatile  matter.    The  calorific  value,  however,  remains 
nearly  the  same. 

The  results  presented  in  the  following  table  may  be  taken  as  repre- 
sentative of  the  bulk  of  semicarbonized  lignite  briquets,  amounting 
to  several  hundreds  of  tons,  produced  at  the  experimental  substation, 
and  it  may  be  said  that  briquets  of  the  quality  indicated  are  readily 
produced  from  most  of  the  lignite  coals.  The  table  covers  tests  of 
briquets  made  from  Montana,  Colorado,  Texas,  and  a  large  number 
of  North  Dakota  lignites. 

ReauUs  ofUsU  of  semicarbonized  liffnite  briqiuU. 


Calo- 
rific 
'VAlne, 
per 
pound. 

Chemical  analyses. 

Sample 
No. 

Oalo- 

riflo 

value, 

pound. 

Chemical  anal  jaes. 

Sample 
No. 

ICols- 
ture. 

Vola- 
tile 
matter. 

Fixed 
carbon. 

Aiih. 

Mois- 
ture. 

Volft. 

tile 

matter. 

Fixed 
carbon. 

Ash. 

1 

B.Lu. 
11,042 
12,137 

Per  a. 
3.85 
4.15 
5.43 
4.83 
5.55 
S.80 
5.72 
6.50 
6.65 
6.30 
6.05 
3.90 
3.57 
5.97 

Peret. 
19l06 
17.65 
18.18 
15.25 
14.45 
14.87 
15.48 
22.10 
17.77 
16.21 
15.21 
15.83 
16.23 
16.25 

Peret. 
66.82 
64.10 
62.56 
64.10 
65.55 
64.48 
63.06 
69.30 
62.80 
64.39 
64.69 
64.77 
65.03 
63.46 

Peret. 
15.25 
14.10 
13.83 
15.82 
14.45 
14.85 
15.72 
12.10 
1Z78 
13.10 
14.05 
15.50 
15.17 
14.32 

15 

B.t.u. 

Peret. 
5.38 
4.97 
4.35 
6.18 
4.80 
5.65 
5.12 
4.78 
5.08 
5.85 
4.83 

Peret. 
18.70 
14.44 
12.21 
11.35 
14.09 
16.27 
16.76 
14.66 
17.04 
12.20 
12.22 

Peret. 
63.82 
64.96 
67.49 
68.13 
66.01 
63.80 
63.92 
65.90 
63.65 
67.38 
67.50 

Peret. 
14.10 

1 

16 

15lA3 

3 

17 

15.95 

4 

18 

19 

11,926 

14.34 

5 

15.10 

6 

20 

14.28 

* 

^•-* ..••• 

21 

14.20 

8 

11,557 

22 

14.66 

9 

23 

14.23 

10 

24 

25 

Average. 

11,599 
12,034 

14.57 

11 

15.45 

12 

11,981 
U,660 

13 

U 

11,692 

5.25 

15.70 

64.51 

14.54 

COMPABATIVE   BURNING  TESTS  OF  BRIQUETS. 

In  many  practical  burning  tests  the  lignite  briquets  have  been  com- 
pared with  anthracite  coal  and  the  best  grades  of  Youghiogheny  soft 
coal.  The  lignite  briquets  have  been  used  imder  boilers  and  have 
proved  an  excellent  and  economical  steaming  fuel.  They  have  been 
used  in  hot-air  and  hot-water  heating  plants  with  excellent  results. 
They  make  a  pleasing  grate  fire,  much  easier  to  control  than  one 
made  of  either  hard  or  soft  coal.  In  the  kitchen  range  they  have 
proved  particularly  satisfactory;  they  are  easily  kindled  and  pro- 
duce a  high  heat  with  a  slight  flame  which  is  free  from  soot,  leaves 
tie  stove  and  lids  clean,  and  produces  an  excellent  fire  for  cooking 
and  baking.  They  hold  the  heat  well,  last  over  night,  and  can  be 
controlled  readily  by  operating  the  grates  and  drafts.  They  have 
burned  with  excellent  results  in  the  direct-draft  heating  stove  and 
self-feeding  base-burner  hard-coal  stove. 

EQUIFMSNT  USED  IN  TESTS. 

In  order  to  determine  the  practical  value  of  lignite  briquets  as  com- 
pared with  anthracite  coal,  and  as  compared  with  raw  lignite,  a  number 
of  carefully  conducted  stove  tests  were  made.    The  direct-draft  stove 
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waB  one  of  special  design.  It  inctaded  a  reserroir  for  evaporative 
pnrpoeeB,  which  could  be  closed  by  a  sliding  jacket  to  prevent  any 
modification  of  results  from  the  atmosphere  of  the  room.  Tlie  hard- 
coal  stove  used  was  a  standard  type  of  self-feeder  of  medium  size  and 
small  feed  diameter.  In  the  selection  of  the  stove  and  in  the  con- 
ducting of  the  tests  the  ruling  consideration  was  the  objects  to  be 
obtained,  which  were  to  determine  the  total  heat  produced  by 
briquets  and  the  length  of  time  of  their  burning,  whether  they  would 
feed  satisfactorily  from  a  self-feeding  stove  in  which  the  magazine 
was  of  small  diameter  and  whether  the  fire  could  be  easily  controlled 
and  kept,  and  to  throw  light  on  other  problems  associated  with  the 
practical  use  of  the  briquets  in  ordinary  stoves.  These  stoves  were 
set  up  in  a  small  room  in  the  basement  of  the  school  of  mines  building. 
The  size  was  about  that  of  an  ordinary  house  stove.  The  room  was 
an  inside  one,  well  protected  from  changes  in  temperature. 

Special  control  of  drafts  and  pipes  was  provided,  and  arrangements 
were  made  so  that  the  temperature  and  flow  of  air  through  the  stove 
and  pipe  could  be  determined  at  frequent  intervals.  The  tempera- 
ture of  the  room  was  uniform  in  all  the  tests,  and  records  were  made 
every  15  minutes  during  the  tests.  The  briquets  and  anthracite  coal 
were  burned  under  exactly  the  same  conditions  and  the  same  quan- 
tity of  each  fuel  was  used  in  each  test. 


TABULATED  RBSXTIVTS  OF  TB8T8. 


Averaged  results  of  the  tests  were  as  follo¥^ 

RestUU  ofheating-Mtove  teMU.^ 


Item. 


Coal  fired pounds. 

Time  fire  lasted boon. 

Unbumedooal  on  grate pounds. 

Ash  in  pan do... 

Fixed  carbon  in  ash percent. 

Fixed  carbon  in  ash pounds. 

Gross  heating  value percent. 

Heating  value,  all  material  passing  through  grate  assumed  to  be  completely 
burned percent. 

a  The  results  are  averages  of  all  the  tests. 
Rendu  of  evaporaiion  Usts.<* 


Anthracite 
ooaL 


Lignite 
briquets. 


Item. 


Anthracite 
coaL 


Lignite 
briquets. 


Coal  fired pounds. 

Ttaneilre  lasted hours. 

Evaporation  at  stove  top IKxmds. 

Total  evaporation  from  and  at  213*  F do. . . 

Unbumed  coal  on  grate do... 

Ash  in  pan do... 

Gross  heating  value. percent. 

Heating  value  consideriiig  all  fuel  including  that  left  on  grate  to  have  burned, 
percent 

•  The  results  are  averages  of  all  the  tests. 


15 

16.82 

19.532 

0.125 

2.500 

104.9 

mi 
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Rendu  of  fuel  tetts,  showing  oompariwnM  of  available  heat  and  calorific  wduee. 
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Available  bwt 

OakriHo  vahML 

NanMofftML 

Dagrs^— 
hours  per 
poanaa 

Peroentace 
ofaTaflaSle 

bMtof 

anthracite 

taken  as 

IOOl 

Peroentage 

of  available 

heat  of 

briquets 

taken  as 

100. 

Heatiiig 

vahieper 

poona. 

Peroentage 
ofcaloriflc 

value  of 
anthracite 

taken  as 
100. 

PenMntata 

ofcalorno 

value  of 

briquets 

taken  as 

100. 

Anthndte 

14.76 
12L83 

5.75 

4.88 

Pereeni. 
100.00 
85.25 

88.80 

88.05 

PereenL 
115.04 
100.00 

44.74 

88.04 

B.  t,  t». 
13,500 
11,600 

9|000 

7|800 

Per  eent. 
100.00 
85.18 

06.06 

57.78 

Per  eent. 
117.80 

LjEnite  briquets. 

100.00 

L^ta  containing  20  par  eent 
moistiire 

78.95 

Upiite  eontafning  30  per  oent 
noistura. 

67.83 

a  Rise  in  temperature  in  degraes  centigrade  times  the  time  in  hoars. 

The  resultd  of  the  tests  are  also  mdicated  in  the  curves  shown  in 
figures  3,  4,  and  5. 

COMMENTS  ON  THE  RESULTS. 

The  tests  showed  that  the  hriquets  did  not  require  as  much  draft 
as  did  the  anthracite  coal. 

The  excellent  showing  made  in  the  actual  stove  tests  was  due  in  a 
large  measure  to  the  fact  that  the  lignite  briquets,  although  having 
only  about  twelve-thirteenths  the  calorific  value  of  anthracite  when 
burned  in  a  stove  were  completely  consumed,  leaving  no  unbumed 
carbon  on  the  grates  or  in  the  ash  as  did  the  anthracite.  This  is  clearly 
seen  by  comparing  the  carbon  in  the  anthracite  ash  with  that  in 
the  lignite-briquet  ash.  It  will  be  seen  that  the  ailnthracite  ash  with 
its  UtUe  fragments  of  carbonaceous  partly  burned  clinker  contained 
about  13  times  as  much  unbumed  carbon  as  did  the  lignite-briquet 
ash. 

The  table  last  preceding  indicates  the  low  efficiency  obtained  in 
the  actual  burning  of  lignite  as  ordinarily  mined  and  marketed,  a 
condition  in  which  it  is  shown  to  have  an  efficiency  less  than  one- 
third  that  of  anthracite  and  only  a  little  more  than  one-third  that  of 
briquets.  Moreover,  there  is  much  additional  labor  and  incon- 
yenience  caused  by  handUng  and  burning  three  times  as  many  tons 
of  lignite  of  lai^e  lumps  in  so  greatly  varying  size. 

The  curves  plotted  in  figure  5  show  the  characteristic  rapid  rise 
and  fall  of  the  ordinary  lignite  fire  as  contrasted  with  the  gradual 
rise  and  prolonged  continuation  of  the  fire  made  of  briquets. 

OOMPABATEVE   BOILER  TESTS   OF  BRIQUETS. 

In  order  to  prove  the  relative  value  of  lignite  briquets  (semi- 
carbonized)  for  steaming  and  power  purposes,  the  briquets  have 
been  used  under  numerous  types  of  boilers  with  excellent  satis- 
faction. 
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The  table  following  gives  the  results  of  carefully  conducted  evapor- 
ative tests  made  with  the  same  boiler,  by  the  same  fireman,  and 
under  as  nearly  as  possible  identical  conditions,  lignite  semicar- 
bonized  briquets  and  Youghiogheny  soft  coal  being  used  alternately. 
The  boiler  used  was  of  the  return  tubular  type,  16  feet  long  and  66 
inches  diameter,  with  66  S^-inch  tubes.  The  grates  were  stationary 
and  of  the  herringbone  type,  with  i-inch  openings  and  a  grate 
surface  4^  by  5^  feet.     The  table  follows: 

Results  of  boiler  tests  of  Ugnile  briquets  and  soft  coal. 


Item. 


Youghio- 

gheoy 

coal. 


Heating  atirliioe  of  boOer square  taet.. 

Orate  area. do — 

Ratio  of  beating  siuieKs  to  g»te  area 

Average  steam  pressure pounds. . 

Average  temperature  of  Heed  water,  *F 

Fuel  used  per  hour pounds.. 

Fuel  used  per  hour  per  square  foot  of  grate  area peroent.. 

Fue I  u^ed  per  horsepower-hour do 

Proportion  of  ash  in  ftiel do 

Proportion  of  clinker do — 

Proportion  of  combined  ash  and  clinker do 

Actual  quantity  of  W£;»r  evaporated  per  hour pounds. . 

Actual  quantity  of  water  evaporated!^  per  square  foot  of  heating  surface  per  hour, 

pounds 

Actual  quantity  of  water  evaporated  per  pound  of  coal pounds . . 

Quantity  of  water  evaporated  per  hour,  from  and  at  212*  F do — 

Quantitv  of  water  evaporated  per  square  foot  of  heating  sur&oe  per  hour,  from  and 

at212'^F pounds. 

Quantity  of  water  evaporated  per  pound  of  coal,  from  and  at  212*  F do... 

Average  boiler  horsepower  developed 


1,175 

24.75 

4S.I 

115 

65 

38a2 

15l35 

3.88 

&84 

4.U 

12.95 

2,838 

2.41 

7.46 

3,380 

2.89 

&88 
98 


Lignite  briquets  gave  good  satisfaction  in  the  various  kinds  of 
burning  tests  to  which  they  were  put.  They  burned  with  an  even 
fire  and  with  a  gentle,  smokeless  flame,  gradually  burning  from 
circumference  to  center.  They  showed  no  signs  of  disintegration 
during  the  burning.  They  stood  poking  and  shaking  satisfactorily. 
The  unbumed  parts  of  the  briquets  remained  hard  and  strong  imtil 
entirely  consumed.  In  several  tests  briquets  were  taken  from  the 
fire  and  while  still  red  hot  were  immersed  in  cold  water.  The  severe 
treatment  produced  no  appreciable  effect,  as  they  remained  hard 
and  did  not  disint^rate  or  even  crack. 

They  burned  on  the  grate  perfectly,  leaving  no  unbumed  lumps 
such  as  are  left  in  the  burning  of  ordinary  coal.  The  ash  is  fine  and 
granular,  readily  sifts  through  the  grates,  and  contains  only  a  trace 
of  unbumed  coal  or  carbon.  In  this  respect  the  lignite  briquets  are 
remarkable,  as  shown  by  the  analyses  of  the  ash  from  anthracite 
coal  and  from  lignite  briquets.  The  anthracite  ash  contained  43.5 
per  cent  unbumed  combustible  matter,  whereas  tho  lignite  ash  con- 
tained only  3.6  per  cent. 

An  analysis  was  made  of  the  ash  from  each  test  to  determine  the 
proportion  of  combustible  matter.    The  proportion  in  the  anthracite 
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coal  ash  will  be  seen  to  have  been  considerable,  but  there  is 
almost  no  combustible  matter  left  in  the  ash  from  the  briquet.  This 
is  one  reason  why  in  the  actual  burning  tests  lignite  briquets  gave 
such  high  efficiency. 
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To  one  thoroughly  familiar  with  the  great  extent  of  the  Western 
lignite  deposits,  their  limited  development,  and  the  comparatively 
simple  methods  that  have  thus  far  been  adopted  in  their  utilization 
as  fuel,  any  investigations  looking  to  a  possible  and  increased  utiliza- 
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lion  of  thfise  vast  deposits  must  at  once  be  considered  of  great 
economic  importance.  There  is  no  doubt  but  that  much  can  be 
done  toward  improving  the  methods  of  burning  now  in  use,  and  in 
providing  means  for  using  the  coal  in  other  forms,  such  as  in  a  pulver- 
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ized  state,  or  in  the  manufacture  of  producer  gas,  or  of  by-product  gas, 
or  as  residue  briquets.  Especial  attention  has  been  given  by  the 
writer  to  the  study  of  utilizing  the  lignite  in  the  form  of  residue 
briquets  and  in  the  manufacture  of  by-product  gas,  because  in  this 
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method  there  appear  excellent  possibilities  of  providing  a  satisfac- 
tory and  efficient  fuel  and  of  recovering  numerous  by-products. 

From  the  results  obtained  by  the  methods  being  developed  at 
the  school  of  mines  and  the  substation  of  the  llniversity  of  North 
Dakota  there  seems  little  doubt  but  that  the  briquetting  and  the 
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production  of  gas  from  lignite  can  in  the  near  future  be  put  on  a 
commercially  satisfactory  basis. 

Because  of  the  ease  with  which  the  gas  is  produced,  the  low  price 
of  the  original  lignite,  the  value  of  the  residue,  and  the  low  price 
for  which  it  could  be  sold  if  manufactured  in  a  plant  used  to  produce 
briquets  from  the  residue,  the  lignite  gas  should  have  a  large  com- 
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mercial  utilization  for  heating,  lighting,  and  power  purposes.  It 
has  been  found  that  briquets  made  from  this  concentrated  residue 
produce  a  most  exceUent  fuel,  for  all  practical  purposes  approaching 
the  efficiency  of  anthracite.  One  ton  of  the  air-dried  lignite  will  pro- 
duce from  a  half  to  two-thirds  of  a  ton  of  briquets  in  addition  to  8,000 
or  10,000  cubic  feet  of  gas.  The  briquets  have  about  twelve- 
thirteenths  the  actual  heating  value  of  hard  coal,  and  they  can  be 
shipped  for  considerable  distances  and  still  prove  profitable.  The 
briquets  present  many  advantages,  especially  over  the  original  lignite 
as  usually  placed  on  the  market.  The  heating  value  is  nearly  doubled , 
the  briquets  do  not  disint^rate  on  standing  or  burning,  they  can  be 
stored  without  being  affected  by  atmospheric  conditions,  they  are 
uniform  in  size  and  are  convenient  to  handle. 

No  detailed  statements  of  the  cost  of  operating  a  large  commercial 
plant  are  given  in  this  report  for  the  reason  that  the  cost  per  ton 
of  briquets  and  per  1,000  feet  of  gas  and  other  by-products  will 
depend  upon  a  lai^e  number  of  factors,  any  one  of  which  may  mate- 
rifiJly  affect  the  cost.  For  example,  the  cost  of  production  is  much 
less  in  a  large  plant  than  in  a  small  one,  and  also  less  in  a  plant 
favorably  situated — that  is,  near  a  mine,  a  city,  and  railway  facilities. 
The  use  of  mine  slack,  the  percentage  of  moisture  in  a  given  lignite 
deposit,  and  the  relative  cheapness  of  mining  and  ease  of  delivery 
to  the  plant  are  all  variable  conditions  and  would  have  to  be  deter- 
mined for  each  individual  plant. 

In  addition  the  plant  could  be  operated  under  many  modifica- 
tions of  the  general  process  that  has  been  explained;  for  example, 
all  or  a  part  of  the  gas  might  be  sold  for  heating  or  lighting  purposes 
or  converted  into  electricity.  The  extraction  and  production  of 
gas  might  be  carried  further  in  one  plant  than  in  another,  or  the 
by-products,  such  as  tar  and  ammonia,  could  be  recovered  and  mar- 
keted, used  in  part,  or  entirely  neglected.  Differences  in  any  of 
these  conditions  would  materially  modify  the  cost  of  production. 

In  general  the  larger  the  plant  and  the  more  complete  the  saving 
of  by-products  the  smaller  will  be  the  cost  of  production.  It  is 
beUeved  that  in  a  carefully  constructed  and  operated  plant  the 
saving  and  utilization  of  the  various  by-products  will  so  reduce  the 
cost  of  operation  as  to  make  the  industry  commercially  practical 
and  profitable. 

All  of  the  data  obtained  from  the  investigations  and  the  operation 
of  the  experimental  plant  indicate  that  a  plant  of  fair  capacity,  if 
so  constructed  as  to  economize  in  the  original  cost,  as  well  as  in  the 
cost  of  operation,  and  if  operated  efficiently  and  imder  careful  man- 
agement, should  turn  out  excellent  commercial  products  at  a  cost 
that  would  admit  of  a  fair  profit. 
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In  order  to  establish  the  industry  successfully  great  care  should 
be  taken  in  planning  and  operating  the  plant,  and  the  methods 
employed  should  follow  very  closely  those  that  have  proved  satis- 
factory in  the  experimental  work,  the  principles  of  which  are  outlined 
in  this  report. 

Although  the  general  principles  involved  in  the  process  explained 
in  this  report  are  not  complicated,  the  proper  observance  of  the 
many  details  of  operation  is  essential  to  success,  and  those  managing 
and  operating  the  plant  should  have  had  technical  training  and 
experience. 

The  development  of  methods  for  the  utilization  of  low-grade  coal 
win  prove  of  much  value  to  those  communities  nearest  the  great 
lignite  deposits  in  the  West.  In  some  of  these  the  lignite  could 
be  converted  into  electricity,  which  in  turn  could  be  sent  to  sur- 
rounding towns  and  villages,  thus  distributing  power  and  light  from 
numerous  central  power  plants.  Such  an  arrangement  would  not 
only  be  a  great  saving  of  our  fuel  resources  but  would  ako  result 
in  the  establishment  of  many  industries  that  can  be  developed  by 
abundant  and  cheap  electric  power. 
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PREFACE. 


This  bulletin  is  the  third  of  its  kind  to  be  published  by  the  Bureau 
of  MineS;  the  two  preceding  being  Bulletin  61  and  Bulletin  79. 

The  wide  demand  for  the  information  contained  in  these  bulletins 
has  led  the  bureau  to  decide  to  issue  similar  bulletins  with  sufficient 
frequency  to  keep  reasonably  current  the  records  of  decisions  of 
Federal  and  State  courts  of  last  resort  on  questions  relating  to  the 
mineral  industry. 

The  bureau  will  gladly  welcome  and  consider  any  suggestions 
looking  to  improvement  in  the  matter  contained  in  these  bulle- 
tins or  the  manner  in  which  it  is  presented.  The  purpose  of  the 
bulletins  will  continue  to  be  to  improve  directly  or  indirectly  mining 
conditions  and  to  promote  the  health  and  safety  of  miners  by  the 
prompt  publication  of  decisions,  and  to  this  end  it  is  desired  that  the 
bullotins  reach  all  persons  who  are  interested. 

J.  A.  Holmes. 
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ABSTRACTS  OF  CURRENT  DECISIONS  ON  MINES  AND  MINING, 
DECEMBER,  1913,  TO  SEPTEMBER,  1914- 


By  J.  W.  Thompson. 


MINERALS  AND  MINERAIj  LANDS. 

MINEBAIiS. 
OBES PROCESS   OF   ORE   CONCENTRATION — PATENTABILITY. 

The  patent  issued  to  Sulman,  Pickard,  and  Ballot,  November  6, 
1905,  and  assigned  to  Minerals  Separation  and  Minerals  Separation 
American  Syndicate,  for  new  and  useful  improvements  in  ore  concen- 
tration, its  object  being  to  separate  metalliferous  matter  from  gangue 
by  means  of  oils  and  fatty  acids  that  have  a  preferential  affinity  for 
such  metalliferous  matter,  the  principal  feature  of  which  is  ''agitat- 
ing the  mixture  to  cause  the  oil-coated  mineral  to  form  a  froth," 
was  clearly  anticipated  by  other  patents,  and  each  step  in  the  process 
described  in  the  Sulman,  Pickard,  and  Ballot  patent  is  fully  described 
in  more  than  one  of  the  prior  patents,  with  the  single  exception  of 
the  reduced  quantity  of  oil  used;»but  the  discovery  that  the  small 
fraction  of  oil  is  sufficient  to  produce  flotation  of  the  metalliferous 
matter  can  not  be  made  by  itself  or  in  combination,  the  subject 
of  a  patent. 

Hydev.  Minerals  Separation,  214  Feci.,  100,  p.  109,  May,  1914. 

ACTION    FOR   CONVERSION    OF    MINERALS. 

■ 

In  an  action  by  the  grantor  of  a  certain  mine  and  mining  property 
against  his  grantee  to  recover  damages  for  the  conversion  of  a  quantity 
of  ore  that  the  grantor  before  the  conveyance  had  mined  and  extracted 
from  the  mine  and  placed  on  the  dump  near  the  mine,  the  plaintiff  is 
not  entitled  to  recover  where  it  appears  that  at  the  time  the  ore  was 
placed  on  the  dump  the  mine  was  owned  and  operated  by  a  mining 
company  and  that  at  the  time  the  ore  was  taken  out  of  the  mine  the 
company  had  no  intention  of  doing  anything  with  it  but  simply 
deposited  it  on  the  dump  as  waste  and  to  give  an  opportunity  to 
develop  the  mine  and  get  better  ore  to  send  to  the  smelter,  and  that 
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at  the  time  the  ore  was  placed  on  the  dump  it  was  considered  to  be  of 
no  value,  as  in  such  case  the  ore  so  deposited  remained  a  part  of  the 
realty  and  passed  with  the  deed. 

Pittsmont  v.  Omega  Copper  Co.  (Arizona),  141  Pacific,  847,  p.  848,  July,  1914. 

SALE  AND  CONVEYANCE. 

SALE   OF  TAILINGS — LIABILITY   FOR   CONVERSION. 

A  grantee  under  a  contract  to  purchase  an  interest  in  mining 
property  and  by  which  he  was  given  immediate  possession  of  such 
mining  property,  with  full  power  and  Ucense  to  prospect  upon,  work, 
develop,  extract,  and  remove  ore  therefrom,  and  to  continue  the 
possession  for  90  days,  is  liable,  on  failure  to  complete  the  purchase  of 
the  property,  where  after  the  expiration  of  the  90-day  period  he 
entered  upon  the  mining  property  under  a  separate  and  subsequent 
contract  and  removed  therefrom  and  appropriated  to  his  own  use  a 
large  amount  of  valuable  ore  in  the  form  of  tailings  placed  by  him 
upon  the  dump  pile  during  his  possession  under  the  former  contract, 
as  such  tailings,  on  his  failure  to  complete  his  contract  of  purchase 
continued  to  be  the  property  of  the  grantor,  and  the  subsequent 
contract  authorized  him  to  extract  and  remove  ore  from  the  mine 
oily. 

Savago  V.  Xixoii,  209  Fed.,  122,  (^clolKir,  1913. 

CLASSIFICATION   OF   MINERAL   LANDS    FOR   PARK  PURPOSES. 

The  act  of  March  2,  1899  (30  Stat.,  993),  creating  Mount  Ranier 
National  Park,  limited  the  right  of  selection  to  nonmineral  public 
lands  so  classified  as  nonmineral  at  the  time  of  actual  government 
survey,  but  a  selection  valued  for  certain  like  puiposes  may  be  made 
of  lands  not  classified  as  nonmineral,  as  the  right  of  selection  extends 
to  unsurveyed  lands,  which  in  the  nature  of  things  can  not  be  so  classi- 
fied, and  such  a  selection  is  not  invalid  by  the  fact  that  the  mineral 
surveyor  did  not  classify  it  as  nonmineral,  and  under  the  practice 
prevailing  in  the  Land  Department  the  absence  of  a  classification 
as  mineral  is  equivalent  to  and  is  to  be  undenstood  as  a  classification 
of  nonmineral. 

West  V.  Edward  Kutledge  Timber  Co.,  210  Fed.,  189,  p.  195,  July,  1913. 
CONTRACT   OF   PURCHASE — CONSIDERATION. 

A  contract  for  the  purchas.o  of  certain  mining  property  providing 
for  the  pa^rment  of  $100,000,  $10,000  to  be  paid  upon  the  signing 
of  the  agi-eement  and  the  remaining  $90,000  to  be  paid  upon  the  de- 
livery of  the  deed,  together  with  an  agreement  to  pay  the  vendor 
amounts  in  the  aggregate  to  the  sum  of  $1,000,000,  25  per  cent  of 
the  net  profits  resulting  from  the  operation  of  the  mining  properties, 
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is  not  an  absolute  agreement  to  pay  $1,000,000  for  the  property,  nor 
is  that  the  estimated  value  of  the  property,  but  is  an  agreement  for 
a  share  in  the  profits  of  mining  operations,  and  the  payments  are 
wholly  contingent  upon  the  success  of  such  operations  and  must  be 
measured  by  the  amount  of  profit,  the  payment  of  which  depends  on 
the  success  of  the  enterprise,  but  in  no  event  to  exceed  the  amount 
of  the  remaining  $900,000. 

Gonaolidated  Aiizona  Smelting  Co.  t;.  Hinchman,  212  Fed.,  813,  p.  815.  March,  1914. 

COVENANTS  NOT  RUNNING  WITH  LAND. 

An  agreement  reciting  that  in  consideration  of  the  execution  and 
delivery  of  a  deed  to  certain  mining  property  and  the  sum  of  $1  the 
purchaser  agreed  to  pay  or  cause  to  be  paid  to  the  original  grantor 
of  such  property  25  per  cent  of  the  net  proceeds  resulting  from  the 
operation  of  the  properties  until  there  shall  have  been  paid  the  aggre- 
gate sum  of  $1,000,000,  the  payments  to  be  made  quarterly  or  as 
soon  thereafter  as  the  net  profits  for  the  preceding  quarter  can  be 
ascertained;  and  it  was  further  agreed  that  the  net  profits  should  be 
the  net  proceeds  from  the  operation  of  the  mining  properties  after 
deducting  the  cost  of  mining,  development  work,  transportation, 
treatment,  and  smelting,  and  all  property  charges  incidental  thereto, 
do  not  constitute  a  covenant  that  runs  with  the  land,  but  is  personal 
merely,  and  does  not  create  an  equitable  charge  on  the  property,  and 
a  purchaser  with  notice  of  the  agreement  is  not  bound  to  operate 
the  properties  and  pay  the  vendor  the  stated  percentage  of  the  net 
profits. 

Consolidated  Arizona  Smelting  Go.  v.  ninchinan,  212  Fed.,  813,  p.  817,  March,  1914. 

MINERAL   INTERESTS  AS   REALTY. 

Mineral  interests  are  a  part  of  the  realty  and  the  estate  in  them  is 
subject  to  the  ordinary  rules  of  law  governing  the  title  to  real  property. 

HoiliDani;.  Johnson  (North  Carolina),  80  Southeastern,  249,  p.  250,  December,  1913. 

PRESUMPTION  AS  TO  OWNERSHIP. 

The  presumption  that  the  person  having  possession  of  the  surface 
has  the  possession  of  the  subsoil  containing  the  minerals  does  not 
exist  when  the  surface  mineral  rights  are  severed. 

Hoibnan  v.  Johnson  (North  Carolina)  80  Southeastern,  249,  p.  250,  December,  1913. 

MINERAL  INTERESTS — NOTICE  OF  CLAIM. 

Mineral  interests  in  land  means  all  the  minerals  beneath  the  surface; 
and  when  a  person  claiming  the  ownership  of  the  minerals  sinks  a 
shaft  or  opens  a  mine  or  gives  notice  of  his  claim  to  all  such  interests 
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included  in  his  deed  and  not  to  one  particular  mineral  only,  he  is  not 
required  to  mine  for  every  known  mineral  in  order  to  give  notice 
that  he  claims  the  entire  mineral  interests. 

Hoilmani;.  Johnson  (North  Carolina),  80  Southeastern,  249,  p.  251,  December,  1913. 

CONVEYANCE   OF  MINERALS    AND    GRANT   OF   MINING   BIGHT — 

DISTINCTION. 

There  is  a  clear  distinction  between  an  absolute  conveyance  of 
minerals  in  place  and  the  grant  of  a  mining  right  to  another  upon 
certain  described  land  to  convert  the  mineral  into  personalty  and 
dispose  of  it.  In  the  former  case  there  is  a  severance  of  the  title 
to  the  realty;  in  the  latter,  there  is  not,  although  the  mining  right 
entitles  the  grantee  to  extract  every  particle  of  the  mineral,  but  the 
grant  is  not  of  the  mmerjil  in  place,  but  only  of  the  mineral  rights  and 
privileges. 

Chandler  v.  French  (West  Virginia),  81  Southeaatem,  825,  p.  827,  May,  1914. 
CONSPIBACY  TO  PURCHASE — PROOF  OF   FRAUD. 

A  sale  of  imneral  land  can  not  be  invalidated  and  set  aside  on  the 
ground  of  alleged  fraud  in  making  the  purchase  where  the  person  to 
whom  the  conveyance  was  made  was  not  in  any  way  connected 
with  and  had  nothing  whatever  to  do  with  the  alleged  conspiracy 
and  fraud  practiced  on  the  grantor. 

Hurst  V.  Duff  (Kentucky),  160  Southweetem,  953,  December,  1913. 

MINERALS ORE   AS   REAL   ESTATE. 

I 

Where  in  the  operation  of  a  mine  ore  taken  from  the  mine  was 
placed  upon  the  surface  of  the  ground  adjacent  to  and  in  the  workings 
in  and  upon  the  mine,  a  sale  and  conveyance  of  the  mine  and  minhi!^ 
property  passes  title  to  the  ore  so  placed  upon  the  surface  of  tho 
ground,  and  the  more  mental  reservation  of  such  ores,  in  the  absence 
of  a  reservation  in  the  deed,  would  not  be  sufl&cient  to  defeat  the 
conveyance  of  the  ore. 

Pittsmont  v.  Om^ga  Copper  Co.  (Arizona),  141  Pacific,  847,  p.  848,  July,  1914. 

ST7BFACE  AND  MINEBALS— OWNEBSHIP  AND  SEVERANCE. 

RESERVATION    OF   MINERALS. 

A  deed  conveying  certain  described  land  but  excepting  and  reserv- 
ing to  the  grantor  all  imneral  upon  or  in  such  land,  including  coal 
a:i(l  iron,  and  reserving  the  use  of  such  surface  ground  as  may  bo 
r.ecessary  for  exploring  and  mining  and  carrying  away  the  mineral, 
does  not  convey  the  entire  estate  to  the  land  described,  but  carves 
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out  an  interest  which  the  grantor  retains,  and"  this  constitutes  an 
interest  in  real  estate  and  is  properly  classified  as  property. 

N(xthem  Fac.  R.  Co.  v.  Mjelde  (Montana),  137  Pacific,  386,  p.  387,  December,  1913. 

SEPARATE  OWNERSHIP  AND   ESTATES. 

There  may  be  several  estates  in  the  same  land  owned  by  different 
persons,  one  owning  the  surface,  another  the  timber,  and  a  third  the 
minerals  imderground,  each  being  a  separate  estate  and  each  may  be 
subject  to  taxation. 

Northern  Pac.  R.  Co.  v.  Mjelde  (Montana),  137  Pacific,  386,  p.  391,  December,  1913. 

SEVERANCE    BY  DEED. 

The  surface  of  the  earth  and  the  minerals  under  the  surface  may 
be  severed  by  a  deed  or  by  reservations  in  a  deed,  and  when  so  severed 
they  constitute  two  distinct  estates. 

Hoilman  v.  Johnson  (North  Carolina),  80  Southeastern,  249,  p.  250,  December,  1913. 
SEVERANCE — EFFECT  OF  ADVERSE   POSSESSION. 

The  owner  of  the  surface  can  acquire  no  title  to  minerals  beneath 
the  surface  by  exchisive  and  continuous  possession  of  the  surface 
alone,  nor  does  the  owner  of  the  minerals  lose  his  right  or  his  posses- 
sion by  any  length  of  nonuser,  but  he  must  be  disseized  to  lose  his 
right,  and  there  can  be  no  disseizin  by  any  act  which  does  not  actually 
take  the  minerals  out  of  his  possession. 

Hoilman  v.  Johnson  (North  Carolina),  80  Southeastern,  249,  p.  250,  December,  1913. 
SALE  OF  MINERAL   IN   Pl^CE — RIGHT    OF  SUPPORT  FOR  SURFACE. 

Where  the  estate  in  minerals  in  place  is  severed  from  the  estate 
in  the  surface,  the  owner  of  the  latter  has  the  right  to  subjacent 
support-for  the  surface;  but  the  right  to  such  support  may  be  waived 
or  conveyed  by  the  owner  of  the  surface  to  the  owner  of  the  minerals. 

Walsh  V.  Kansas  Fuel  Co.  (Kansas),  137  Pacific,  941,  p.  942,  January,  1914. 

TAXATION   OF   MINERALS. 

Mining  rights  and  interests  in  minerals  are  the  subject  of  horizontal 
severance  from  the  surface  and  taxable  as  real  estate. 

Riggs  V,  Board  of  Commissioners,  Sullivan  County  (Indiana),  103  Northeastern, 
1075,  p.  1077,  January,  1914. 

SEPARATION   OF   MINERAL   AND   SITRFACE   ESTATE. 

The  owner  of  land  containing  minerals  may  .segregate  the  mineral 
estate  from  the  rest  of  the  land  and  convey  either  interest  without 
the  other;  and  a  deed  conveying  a  tract  of  land  but  reserving  all  ores, 
mines,  minerals,  mineral  oils,  and  mineral  pamts,  which  may  be  in 
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or  upon  the  land,  with  the  privilege  of  searching,  boring,  digging,  and 
mining  therefor  and  with  the  right  to  build  and  remove  structures 
needed  for  mining  operations,  is  a  valid  reservation  and  effectually 
severs  the  surface  and  mineral  estates. 

Washburn  v.  Gregory  Co.  (Minnesota),  147  Northwestern,  706,  p.  707,  May,  19141 

SEPARATION     OF     SITRFACE     AND     MINERALS — QUIETING     TFTLE POS- 
SESSION. 

The  grantee  of  minerals  in  and  under  certain  land  may  sue  a  sub- 
sequent grantee  of  the  surface  from  the  common  grantor  to  quiet 
his  title  to  the  minerals  without  being  in  actual  possession. 

Kentenia  Corporation  v.  Boreing  Land  &  Min.  Co.  (Kentucky),  166  Southwestern 
780,  May,  1914. 

COAL  AND  COAL  LANDS. 
ADVERSE    POSSESSION   INSUFFICIENT. 

An  adverse  possession  of  coal  land  consisting  in  the  use  of  a  portion 
of  the  surface  by  depositing  thereon  culm  and  fine  unmarketable 
eoal,  and  by  mining  coal  beneath  the  surface,  does  not  constitute 
actual  possession  essential  to  the  validity  of  an  adverse  possession 
that  confers  title,  where  the  rightful  owner  had  no  actual  knowledge 
that  coal  was  being  mined  and  there  was  nothing  on  the  siu^ace 
that  indicated  the  actual  mining  of  coal. 

Stark  V.  Pennsylvania  Coal  Co.  (Pennflylvania),  88  Atlantic,  770,  p.  771,  June,  1913, 
CONVEYANCE  OF  COAL   IN  PLACE — BIGHTS  AND  DUTIES   OP  GRANTEE. 

A  lease  by  the  owner  of  land  by  which  he  granted  to  the  lessee 
the  coal  xmderlying  the  land  described  and  granting  the  use  of  the 
surface  for  the  working  and  management  of  the  mine,  the  lease  to 
continue  until  the  coal  was  worked  out  unless  forfeited  by  failure  to 
comply  with  the  conditions  therein  stated,  and  providing  that  the 
lessee  was  to  work  and  mine  the  coal  in  a  good,  careful,  and  work- 
manlike manner  and  not  leave  any  coal  that  could  be  mined  with 
safety,  the  lessee  agreeing  to  pay  a  royalty  of  10  cents  per  ton  except 
on  coal  necessarily  used  in  operating  the  mine,  does  not  waive  the 
lessor's  right  to  subjacent  support  of  the  surface,  and  the  lessee  is 
liable  for  damages  to  the  surface  caused  by  reason  of  his  not  leaving 
or  furnishing  subjacent  support  to  the  surface. 

Walsh  I'.  Kansas  Fuel  Co.  (Kansas),  137  Pacific,  941,  p.  942,  January,  1914. 
KNOWLEDGE   OF   USE — FAILURE   OF  TITLE — ^ABATEMENT   OF   PRICE. 

Where  the  owner  of  coal  land  sold  a  part  of  the  surface  to  a  coal 
company  operating  on  adjoining  lands  with  the  knowledge  that  it 
the  purpose  of  the  coal  company  to  enlarge  its  plant  and  extend 
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its  operations,  the  grajitor  may  be  compelled  to  make  an  abatement 
in  the  purchase  price  siifficient  to  purchase  an  outstanding  lease  or 
conveyance  formerly  made  by  him  to  another  coal  company  and 
which  was  inconsistent  with  the  use  of  the  land  intended  by  the  latter 
grantee. 

Marrowbone  Coal  <fc  Coke  Co.  v.  Coleman  (Kentucky),  161  Southweetem,  238.  De- 
cember, 1913. 

SALE  OF  COAL  IN  PLACE — RIGHT  OF  SURFACE  SUPPORT. 

Where  the  owner  of  land  retains  the  surface  estate  and  conveys 
the  estate  in  minerals  thereunder,  he  may  convey  or  waive  the  right 
of  subjacent  support  for  the  surface;  but  such  conveyance  or  waiver 
should  not  be  imphed  unless  the  language  of  the  deed  is  appropriate 
therefor  and  clearly  indicates  such  to  be  the  intention  of  the  parties 
to  the  conveyance. 

Walsh  V.  Kansas  Fuel  Co.  (Kansas),  137  Pacific,  941,  p.  942,  January,  1914. 

SEVERANCE   OF   OWNERSHIP — ^RELATIVE   RIGHTS    OF    OWNERS   OF   SUR- 
FACE  AND  OF   MINERALS. 

Where  an  easement  for  a  right  of  way  is  granted  to  a  railroad 
company  across  the  lands  of  another,  the  owner  of  the  fee  remains 
the  owner  of  all  mineral  in  the  land  and  may  make  all  lawful  use  of 
the  land  so  long  as  he  does  not  interfere  with  the  free  use  of  the  right 
of  way;  and  the  railroad  company  as  the  owner  of  the  easement  has 
the  right  to  occupy  the  surface  of  the  land,  and  the  land  owner  has 
the  right  to  mine  for  coal  thereunder,  and  it  is  the  duty  of  each  to 
use  his  property  so  as  not  to  unlawfully  interfere  with  the  other's 
rights,  and  if  tunnels,  air  passages,  and  entries  are  constructed  by 
the  landowner  beneath  the  right  of  way  for  the  purpose  of  mining 
for  coal,  the  railroad  company  is  hable  in  damages  for  causing  a  de- 
struction of  such  tunnel,  air  passage,  or  entry. 

Cincinnati,  etc.,  R.  Co.  v,  Simpson  (Indiana),  104  Northeastern,  301,  p.  306,  Feb- 
ruary, 1914. 

MINING   BY  PERSON   IN   ADVERSE   POSSESSION — LIABILITY. 

A  person  in  adverse  possesion  of  coal  lands  and  raining  coal  there- 
from is  not  liable  in  an  action  of  trover  for  the  conversion  of  the  coal 
at  the  suit  of  a  person  claiming  the  legal  title  to  the  land;  but  the 
mere  act  of  the  person  in  possession  in  mining  the  coal  does  not  give 
such  an  actual  adverse  possession  as  will  defeat  an  action  by  the 
owner  of  the  legal  title  claiming  constructive  possession  by  reason 
thereof. 

Pearce  v.  Aldridi  Min.  Co.  (Alabama),  64  Soutliem,  321,  p.  323,  Februar> ,  1314. 
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METHOD   OF   ACQUIRING  TITLE. 

Mineral  lands  including  coal  lands  are  not  subject  to  acquisition 
under  the  homestead  laws. 

Diamond  Coal  Co.  v.  United  States,  233  U.  S.,  236,  p.  238,  April,  1914. 
SALE    AND   TITLE PROOF   OF   PRICE — H3fOOD   FAITH. 

In  an  action  of  ejectment  to  recover  all  the  coal  and  other  minerals 
in  and  under  a  certain  parcel  of  land,  where  the  plaintiff  claimed  as 
a  purchaser  for  a  valuable  consideration  without  notice  of  a  prior 
conveyance,  it  is  proper  for  the  defendant  to  prove  that  the  plaintiff 
knew  that  as  a  rule  titles  were  defective  in  the  particular  locality,  and 
it  is  proper  to  show  that  he  paid  the  sum  of  $125  for  1,000  acres  of 
land  admittedly  worth  more  than  $2,000,  as  such  evidence  teads 
strongly  to  show  that  the  plaintiff  realized  at  the  time  he  made  the 
purchase  that  he  was  taking  a  speculative  risk  as  to  the  validity  of 
the  title,  and  for  the  plaintiff  to  prevail  as  a  purchaser  for  value 
without  notice  it  was  incumbent  upon  him  to  show  that  he  paid  a 
fair  value  for  the  property  and  purchased  it  without  notice. 

riinchfield  (oal  Corporation  v.  Steinman,  213  Fed.,  557,  p.  561,  March,  1914. 

CONTRACT  FOR  8ALK  OF  COAL. 

A  conveyance  and  lease  by  which  the  grantor  demises  and  leases 
unto  the  grantee  "  all  coal  and  mineral  rights  and  privileges  whatso- 
ever, contained  on,  in,  and  beneath  the  surface"  of  certain  described 
land,  the  grantee  to  have  and  hold  the  same  for  the  term  and  period, 
of  99.  years,  the  said  grantee  to  pay  or  cause  to  be  paid  during  the 
said  term,  for  and  in  consideration  of  the  demise  and  lease,  "a  rent 
of  3  cents  per  ton  of  2,240  pounds  for  each  and  every  ton  of  coal  and 
other  minerals  mined  and  shipped  therefrom"  does  not  vest  in  the 
grantee  an  estate  in  the  coal  and  other  minerals  in  place,  nor  does 
it  in  terms  purport  to  convey  title  to  the  mineral,  where  the  grantee 
is  not  required  to  commence  mining  at  any  certain  time,  and  where 
he  never  did  in  fact  begin  mining  operations;  but  the  title  to  the  min- 
erals remained  in  the  lessor  subject  to  the  right  of  the  lessee  or  grantee 
to  sever  it  from  the  other  part  of  the  realty,  but  the  grantee  was  vested 
with  no  present  title  to  the  coal  in  place. 

C  handler  v.  French  (West  Virginia),  81  Southeastern,  825,  p.  826,  May,  1914. 
AUTHORITY  TO   MINE    NEAR   DIVISION   LINE, 

A  deed  granting  all  the  coal  in  and  under  the  land  described,  and 
providing  that  "with  the  coal  hereby  conveyed  there  is  also  granted 
and  conveyed  unto  the  said  party  of  the  second  part  aU  the  usual 
mining  privileges  for  the  removal  of  the  same  and  every  part  thereof 
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from,  under,  and  in  said  parcel  of  land,  such  as  are  vested  in  the  said 
parties  of  the  first  part,"  does  not  authorize  the  grantee  to  mine  the 
coal  within  5  feet  of  the  dividing  line  between  the  grantor  and  grantee 
as  agaiiu't  the  statute  of  West  Virginia  (sec.  3920,  Code  1913),  which 
prohibits  the  owner  or  tenant  of  any  land  containing  coal  from  re- 
moving the  coal  within  5  feet  of  the  division  hne  under  penalty. 

Darby  v,  Davis  Goal  &  Coke  Co.  (West  Virginia),  81  Southeastern,  1124,  May,  1914. 
RESEKVATIOX — ^ABATEMENT   OF  PUKCHASE   PRICE. 

Where  a  conveyance  with  warranty  of  certain  coal  lands  reserved 
all  the  coal  except  what  was  reserved  in  a  prior  deed  conveying  the 
coal,  and  where  it  appeared  that  in  the  conveyance  referred  to  there 
was  in  fact  no  reservation  of  coal,  the  grantee  can  not  demand  an 
abatement  of  the  ptutshase  price  on  the  ground  of  a  breach  of  the 
covenant  of  warranty;  as  in  such  case  it  can  not  be  known  from  the 
deed  what  area,  estate,  or  right  as  to  coal  was  warranted,  and  the 
right  to  abatement  for  loss  by  defect  of  title  must  be  governed  by 
the  deed  as  it  is,  not  by  what  it  ought  to  have  been. 

CummingB  v.  Hamrick  (West  Virginia),  82  Southeastern,  44,  p.  45,  May,  1914. 

CONTRACT   FOR   SALE   OF   COAL — ^PRICE. 

A  contract  for  the  sale  of  coal  and  the  output  of  the  mine  pro- 
vided among  other  things  that  prices  named  in  the  contract  are  based 
on  the  present  Michigan  mining  rates  of  $1.01  per  ton,  and  shall  be 
increased  or  reduced  on  all  sizes  of  coal  as  the  mining  rate  may  ad- 
vance or  decline  during  the  life  of  the  contract,  and  this  is  an  estab- 
lished basis  for  establishing  the  price  of  the  coal  sold  or  dehvered 
under  the  contract,  and  where  the  rate  of  mining  was  subsequently 
increased  by  an  agreement  between  the  operators  and  the  miners' 
union  and  was  fixed  at  $1.06  per  ton  this  likewise  furnished  a  defi- 
nite basis  for  establishing  the  price  of  the  coal  delivered  under  the 
contract  and  was  not  affected  by  other  items  connected  with  the 
cost  of  mining. 

Caledonia  Coal  Co.  v.  Consolidated  Coal  Co.  (Michigan),  148  Northwestern,  187, 
July,  1914. 

RESERVATION  OF  COAL — CONSTRUCTION. 

A  bond  for  a  deed  for  certain  described  land  for  a  specific  consid- 
eration binding  the  obligor  to  execute  a  warranty  deed  to  the  sur- 
face of  such  land,  reserving  the  minerals  and  mineral  rights  of  every 
sort  and  nature  and  the  right  of  ingress  and  egress  and  a  way  to 
work  and  exploit  the  land  at  all  future  times,  which  right  shall  cease 
at  the  death  of  the  obligor,  is  merged  into  a  deed  subsequently  exe- 
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outed  by  the  obligor  and  the  intention  of  the  parties  is  to  be  ascer- 
tained from  the  construction  of  the  deed  and  hot  from  the  title  bond, 
and  specific  performance  of  the  title  bond  can  not  be  awarded  after 
the  execution  of  the  deed;  and  the  right  that  ceased  at  the  death  of 
the  grantor  was  the  right  to  keep  the  surface  for  the  purpose  of  min- 
ing or  operating  the  coal  at  the  stated  damages  per  acre,  but  as  the 
reservation  of  the  mineral  as  expressed  in  the  deed  was  for  all  future 
timo  the  actual  title  of  the  mineral  was  reserved. 

Creekmore  v.  Bryant  (Kentucky),  164  Southwestern,  337,  p.  338,  March,  1914. 
OIL  AND  OIL  LANDS— SALE  AND  CONVEYANCE. 

DEED   IN   ESCKOW. 

An  agreement  whereby  the  owner  of  certain  oil  lands  delivered 
a  deed  to  such  land  to  a  bank,  and  an  oil  company  deUvered  its  deed 
to  certain  lands  to  the  same  bank  on  condition  that  if  a  certain  judg- 
ment was  affirmed  within  30  days  the  vendor  in  the  first  deed  was  to 
pay  to  the  bank  on  the  oil  company's  account  a  stated  sum  and  the 
bank  would  thereupon  deUver,  respectively,  the  deeds  mentioned, 
but  on  the  failure  of  the  fiist  vendor  to  pay  the  amount  stipulated 
all  the  deeds  were  to  be  dehvered  to  the  oil  company,  constitutes  a 
delivery  to  the  bank  in  escrow. 

Doian  V.  Bunker  Hill  Oil  Min.  Co.  (California),  139  Pacific,  93,  p.  94,  January,  1914. 
DEEDS   IN   ESCROW — UNAUTHORIZED   DELIVERY — TRUST. 

In  an  action  against  an  oil  company  to  have  a  trust  declared  in  real 
estate  a  complaint  is  sufficient  for  that  purpose  which  alleges  that 
the  plaintiff  and  the  defendant  oil  company  each  deposited  deeds 
in  a  certain  bank  under  an  agreement  by  which  the  plaintiff  was  to 
pay  to  the  bank  on  the  oil  company's  account  a  certain  stated  sum 
within  thirty  days  after  written  notice  of  affirmance  of  a  certain 
judgment  in  a  pending  suit,  and  averring  that  the  oil  company  upon 
false  representations  obtained  the  deeds  from  the  depositary  before 
the  expiration  of  the  stipulated  time  and  took  possession  of  the  real 
estate  described  in  the  deed. 

Doran  v.  Bunker  Hill  Oil  Min.  Co.,  139  Pacific,  93,  p.  95,  January,  1914. 

SPECIFIC   PERFORMANCE   OF   CONTRACT. 

The  specific  performance  of  a  contract  to  sell  and  convey  oil  lands 
will  not  be  denied  the  vendor  merely  because  the  evidence  shows  that 
the  land  can  be  sold  on  the  market  for  the  contract  price. 

Waratah  Oil  Co.  v.  Reward  Oil  Co.  (California),  139  Pacific,  91,  p.  92,  March,  1914. 
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SPECIFIC  PERFORMANCE  OF  CONTRACT — VALUE  OF  LAND. 

» 

In  an  action  for  the  specific  performance  of  a  contract  to  sell  and 
convey  oil  lands  the  market  value  of  the  land  is  the  proper  test 
where  the  value  of  the  land  contracted  to  be  sold  becomes  important. 

Waiatah  Oil  Co.  v.  Reward  Oil  Co.  (California),  139  Pacific,  91,  p.  92,  March,  1914.» 
CONTRACT  OF  SALE  BY  CORPORATION — INVALIDITY  AND  RATIFICATION. 

A  contract  for  the  sale  and  conveyance  of  oil  lands  owned  by  a 
corporation,  executed  by  the  president  and  secretary,  may  be  in- 
valid for  the  reason  that  the  corporation  has  no  power  to  delegate 
to  such  officers  the  exercise  of  fundamental  and  basic  principles  out- 
side of  the  ordinary  com^e  of  business  of  the  corporation,  yet  such  a 
contract  is  ratified  by  the  corporation  acting  under  the  contract  as 
though  its  validity  was  unquestioned,  and  especially  so  where  the 
board  of  directors  of  the  corporation  passed  a  resolution  expressly 
ratifying  the  sale  and  caused  a  tender  of  a  deed  of  the  property  to  be 
made  to  the  purchaser. 

Waiatah  Oil  Co.  v.  Reward  Oil  Co.  (California),  139  Pacific,  91,  p.  93,  March,  1914. 
CONTRACT   FOR  SALE   OF  OIL   AND   GAS — VALIDITY   AND    EFFECT. 

A  contract  by  which  the  purchaser  bound  himself  to  pay  to  the 
s(  Her  the  sum  of  $10,000  for  all  of  the  oil,  gas,  coal,  sulphur,  and  otlur 
minerals  in  and  under  a  ctrtaui  described  tract  of  land  that  may  be 
found  by  drilling  and  mining  operations  conductt  d  on  such  land, 
with  the  right  of  ingress  and  egress  at  all  times  for  the  purpose  of 
drilling,  mining,  and  operating  for  such  minerals,  is  a  valid  and  bind- 
L'lg  contract  for  aU  the  minerals  in  or  under  the  lajid  d( scribed  and 
sufficiently  identifies  and  describes  the  minerals,  and  the  purchaser 
is  liable  for  the  full  contract  price  and  is  bound  to  pay  the  stipulatad 
price  accordbig  to  the  terms  of  the  contract  whether  he  drills  or  mines 
for  the  mineraJs  or  not. 

WTxited  v.  Johnson  (Texas  Civil  Appeals),  167  Southwestern,  812,  p.  813,  June,  1914. 

MINING  TERMS. 

nrrciiEs. 

Hitches  are  places  cut  in  the  coal  or  sides  of  a  mine  in  which  to 
r(st  the  ends  of  timbers  used  in  propping  the  roof. 

Bracken  v.  Lam  Coal  Co.  (Kentucky),  165  Southwestern,  686,  April,  1914. 

ROOM    NECK. 

A  room  neck  is  a  term  applied  to  a  short  passageway  from  the  entry 
ill  the  mine  to  the  room  which  would  afterward  be  opened  beyond 
the  room  neck  and  in  which  the  miner  would  work. 

Gambino  v.  Manufacturers'  Coal  <fe  Coke  Co.  (Missouri  Appeal),  164  Southwestern, 
264,  p.  265,  February,  1914. 
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BRUSHINGU 

Brushing  denotes  the  digging  out  of  the  bottom  or  the  mining  off 
of  the  top  of  an  entry  or  room  for  the  purpose  of  admitting  cars 
where  the  seam  of  coal  mined  out  is  too  narrow  or  shallow  for  the 
udmission  of  cars. 

Williamfi  v.  Craig  Dawson  Coal  Co.  (Iowa),  146  North  western,  735,  p.  736,  April, 
1914. 

OUTCROP. 

The  word  *' outcrop''  signifies  the  edges  of  strata  which  appear  at 
the  surface  of  the  ground,  or  as  a  portion  of  a  vein  or  strata  emerging 
at  the  surface  or  appearing  immediately  under  the  soil  and  surface 
debris;  and  the  word  has  been  used  in  connection  with  a  vein  and  in 
general  comprehends  the  particular  place  and  character  of  mani- 
festation of  mineral  strata  or  vein,  but  does  not  necessarily  imply 
the  pn^sentation  of  the  mineral  to  the  naked  eye  on  the  surface  of 
the  earth  but  it  means  that  it  comes  so  near  to  the  surface  of  the  earth 
that  it  is  found  easily  by  digging,  or  is  the  point  at  which  the  vein 
is  nean^st  to  the  surface  of  the  earth. 

Sloss-Sheffield  Stoc'l  &  Iron  Co.  v.  Payne  (Alabama),  64  Southern,  617,  February, 
1914. 

BAD    PLACE. 

A  '*  bad  place"  within  the  meaning  of  a  contract  between  ths  United 
Mine  Workers  and  an  Employers'  Association  is  a  place  in  the  roof 
wliich  can  not  bo  made  reasonably  safe  by  the  ordinary  propping 
usually  done  by  the  miner  himsoK. 

Duncan  Coal  Co.  v.  Thompson  (Kentucky),  162  Southwestern,  1139,  p.  1140,  Febru- 
ary, 1914. 

MINING  CORPORATIONS. 

BANKRUPTCY CLAIMS  PROVABLE — BONDS  PAYABLE  OUT  OF  SURPLUS. 

Bonds  issued  by  a  mining  corporation  containing  a  stipulation  to 
the  effect  that  the  face  value  with  interest  is  payable  out  of  certain 
named  funds  to  be  created  out  of  the  surplus'eamings  of  the  company, 
and  stipulating  further  to  the  effect  that  the  lion  provided  for  to  secure 
the  bonds  was  limited  to  such  surplus  earnings,  do  not  create  a  debt 
provable  in  bankruptcy  where  it  appears  there  never  were  any  surplus 
earnings  of  the  company  and  the  funds  out  of  which  such  bonds  w<  re 
payable  were  never  in  fact  creatt  d  or  c  xistcd. 

Synott  V.  Tombstone  Consol.  Mines  Co.,  208  Fed.,  251,  p.  254,  October,  1913. 
FEDERAL    JURISDICTION — RESIDENCE   OF   PLAINTIFF. 

A  miner,  a  resident  of  the  eastern  district  of  Tennessee,  may  sue 
a  nonresident  corporation  in  the  district  of  his  residence  for  an  injuiy 
sustained  by  him  in  the  defendant's  mine,  where  the  amount  in 
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controversy  brings  the  case  within  the  jurisdiction  oi  the  Fedtral 
court. 

Beich  V.  TenneRsee  Copper  Co.,  209  Fed.,  880,  p.  881,  October,  1913. 

BANKRUPTCY — PRIORITY  OP  CLAIMS. 

Collaterals  in  good  faith  pledged  by  a  coal  company  to  a  bank  to 
secure  a  loan  with  which  to  liquidate  the  coal  company's  pay  roU  are 
valid  in  the  hands  of  such  bank  after  bankruptcy  proceedings  on  the 
part  of  the  coal  company,  as  ^auist  the  lien  of  an  attachment  levied 
after  the  assignment  or  bankruptcy. 

Alabama  Coal  &  Coke  Co.,  In  re,  210  Fed.,  940,  p.  945,  December,  1913. 

FRAUD   OP  OFFICERS — SETTING    ASIDE    CONVEYANCES. 

A  charge  of  fraud  and  mismanagement  on  the  part  of  the  officers 
of  a  mining  corporation  in  an  action  by  its  stockholders  to  recover 
corporate  property  is  sufficiently  sustained  by  evidence  showing  that 
the  corporation  was  possessed  of  property  of  the  aggregati^  value  of 
$2,000,000  and  owed  but  a  trifling  amount  of  indebtedness  aside  from 
certain  bonds;  that  the  officers  in  control  permitted  one  judgment 
of  $14,000  and  another  of  more  than  $1,000  to  be  recovered  against 
the  corporation  when  it  had  cash  in  hand,  $20,000  and  valuable 
salable  personal  property  readily  convertible  into  cash;  that  at  a 
time  when  12,000  shares  of  the  capital  stock  were  in  the  treasury 
worth  on  the  market  and  salable  for  at  least  $60,000,  the  managing 
directors  procured  the  issuance  of  executions  on  the  two  judgments, 
and  a  levy  and  sale  to  be  made  of  property  of  the  corporation  worth 
at  l««t  $1,000,000  for  the  nominal  sum  of  $1,200  and  other  property 
worth  practically  $1,000,000  to  be  sold  for  less  than  $5,000,  all  of 
wliich  was  purchased  by  a  member  of  a  rcorgam'zation  committee, 
who  subsequently  received  a  deed  from  the  sheriff  as  trustee  for  such 
committee,  and  where  after  the  sales  on  execution  bad  been  made 
and  the  corporation  divested  of  all  its  property  the  managing  direc- 
tors brought  a  suit  for  dissolution  and  obtained  a  decree  on  the  ground 
that  the  corporation  had  disposed  of  all  its  corporate  property;  and 
where  pursuant  to  the  alleged  scheme  and  conspiracy  to  obtain  the 
property,  the  suing  stockholder  had  been  ousted  from  the  office  of 
director  and  president  of  the  corporation. 

Flemliig  V.  Black  Warrior  Copper  Co.,  Amalgamated  (Arizona),  136  Pacific,  273, 
p.  274,  November,  1913. 

CONTRACTS   WITH   PROMOTERS — VALlDFrY   AND   ENFORCEMENT. 

A  corporation  formed  by  four  persons  as  promoters,  who  became 
the  sole  stockholders  and  its  officers  and  directors  after  incorporation, 
may  ratify  or  adopt  contracts  made  by  such  promoters  prior  to  the 
incorporation  and  by  such  ratification  will  become  hable  thereon;  and 
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it  may  by  such  ratification  or  adoption  make  such  contracts  its  own 
and  use  thereon  its  own  name  and  may  complete  the  specific  perform- 
ance of  the  contract  made  by  such  promoters  with  a  third  person  by 
which  the  latter  a^ees  to  sell  and  convey  certain  described  land  to 
the  corporation  when  organized. 

Heiiry  Gold  Min.  Co.  v.  Henry  (Idaho),  137  Pacific,  523,  p.  526,  December,  1913. 

FRAUDULENT    SALE    OF    STOCK — RIGHT    OF    PURCHASER    TO    RELY   ON 

REPRESENTATIONS . 

The  owner  of  all  the  stock  of  a  mining  corporation  is  hable  for 
false  and  fraudulent  representations  in  the  sale  of  such  stock  where 
he  represented  to  the  purchaser  that  the  stock  was  treasury  stock 
and  that  the  proposed  sale  was  for  the  purpose  of  obtaining  money 
for  patenting  the  mining  claims,  that  the  company  had  contracted 
for  building  a  smelter  and  it  would  have  a  valuable  power  site  and 
had  already  entered  into  a  contract  with  a  smelting  company  for 
smelting  its  ores,  and  that  it  had  in  fact  been  oflFered  $200,000  for 
the  mining  property,  where  the  mining  corporation  had  no  treasury 
stock  and  had  not  in  fact  any  legal  stock  whatever  for  the  reason  there 
had  been  no  subscription  to  its  capital  stock  and  no  conveyance  to  it 
of  any  mining  property  in  lieu  of  stock  subscriptions,  and  that  it  was 
not  in  fact  possessed  of  any  valuable  property,  and  where  it  appeared 
that  the  money  received  from  the  purchaser  was  not  applied  in  se- 
curing patents  or  otherwise  improving  the  mining  claim  but  was 
appUed  in  the  payment  of  former  debts  of  the  corporation;  and 
the  purchaser  was  not  bound  to  make  an  independent  investigation 
where  the  subject  matter  of  the  contract  was  not  at  hand  and  where 
the  facts  were  within  knowledge  of  the  seller  and  could  not  bfe  ascer- 
tained by  the  purchaser  without  trouble  and  expense,  and  the  pur- 
chaser had  the  right  under  the  circumstances  to  rely  upon  the  repre- 
sentations made  by  the  seller. 

Borde  r.  Kingsloy  (Washington),  136  Pacific,  1172,  p.  1173,  December,  1913. 

OFFICERS   NOT   PERSONALLY   LIABLE. 

The  pr^ident  of  a  mining  corporation  who  employed  a  competent 
electrician  to  take  charge  of  the  construction  work  and  install  an 
electrical  plant  in  connection  with  the  operation  of  the  mining 
company's  business  is  not  personally  liable  for  the  death  of  an  em- 
ployee of  the  company  caused  by  an  electrical  shock. 

Hill  V.  Pacific  Gas  &  Electric  Co.  (California),  136  Pacific,  492,  p.  496,  Noveniber, 
1913. 

STOCK   SUBSCRIPTIONS — CONDITIONS   TO   DOING   BUSINESS. 

The  general  statute  of  Washington  relating  to  the  organization  of 
corporations  provides  that  corporations  for  manufacturing,  mining, 
and  other  purposes  shaU  not  commence  business  until  the  entire 
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capital  stock  has  been  subscribed;  but  the  statute  relating  to  mining 
corporations  provides  that  where  the  amount  of  the  capital  stock  of 
Uie  corporation  consists  of  the  aggregate  valuation  of  the  whole 
number  of  feet^  shares,  or  interests  in  a  mining  claim,  no  actual 
subscriptions  to  the  capital  stock  are  necessary,  and  the  transfer  of 
the  title  to  a  mining  claim  is  made  a  legal  equivalent  for  the  stock 
subscriptions,  and  to  make  the  organization  of  a  mining  corporation 
Icral  the  stock  must  be  subscribed,  or  the  mining  company  must  be 
possessed  in  its  own  right  of  a  mining  claim  for  the  working  and  de- 
velopment of  which  the  corporation  was  organized,  and  in  the  absence 
of  either  of  these  requirements  there  can  be  no  valid  incorporation 
and  no  stock  legally  issued. 

Borde  v.  Kingaley  (Washington),  136  Pacific,  1172,  p.  1173,  December,  1913. 
VALIDITY  OF  ORGANIZATION — COLLATERAL   ATTACK. 

A  stockholder  and  a  member  of  the  board  of  directors  of  a  mining 
corporation  who  has  contracted  with  the  corporation,  purchased 
stock  from  and  executed  deeds  to  it,  can  not  in  a  collateral  suit  avail 
himself  of  any  defects  in  the  organization,  as  this  can  be  done  only 
by  the  power  creating  the  corporation  in  a  direct  proceeding  consti- 
tuted for  that  purpose. 

Henry  Gold  Min.  Co.  r.  Henry  (Idaho),  137  Pacific,  523,  p.  525,  December,  1913. 
CONTRACT    WITH    PROMOTERS — SALE   OF   STOCK CONSIDERATION. 

The  holders  of  a  bond  upon  a  group  of  mining  claims  organized 
a  corporation  and  became  its  managing  officers,  and  during  such 
time  made  a  written  proposition  to  the  corporation  to  assign  the  bond 
in  consideration  of  the  issue  of  its  capital  stock,  the  corporation  to 
assume  and  carry  out  all  the  terms  of  the  bond  and  the  bond  to  be 
taken  in  fuU  payment  of  the  subscription  price  of  the  stock;  the  cor- 
poration by  an  entry  duly  made  in  its  record  accepted  the  proposal 
and  directed  the  issue  of  the  stock  upon  an  assignment  of  the  bond, 
and  the  transaction  was  subsequently  completed  by  the  assignment 
of  the  bond  and  the  issue  of  the  stock,  and  the  transaction,  in  the 
absence  of  the  rights  of  creditors,  was  legal  and  binding  on  the  parties 
and  the  consideration  for  the  stock  was  legal  and  binding  upon  the 
corporation. 

Gold  Ridge  Min.  &  Dev.  Co.  v.  Rice  (Washington),  137  Pacific,  1001,  p.  1002,  Jan- 
uary,  1914. 

PURCHASE   OF  MINING  PROPERTY — ^EXTENT   OF   LIABILITY. 

A  TniTiing  corporation  organized  for  the  purpose  of  purchasing  the 
property  of  an  existing  mining  corporation,  and  which  did  in  fact 
take  over  all  the  property  of  the  existing  corporation  and  exchange 
its  stock  for  the  stock  held  by  stockholders  in  the  old  company,  is 
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liable  for  the  existing  debts  of  the  old  company;  but  it  is  not  liable 
to  the  holder  of  a  note  executed  by  such  old  company  that  was  in 
fact  the  personal  obligation  of  the  president  of  the  old  company  and 
had  by  a  fraudulent  scheme  of  the  president  and  the  other  managing 
officers  of  the  old  corporation  become  apparently  a  debt  of  such  old 
corporation. 

Otis  V.  Ohio  Mines  CJo.  (Arizona),  138  Pacific,  777,  p.  778,  February  1914. 

CONVEESION   OF  STOCK — ^LIABIUTY. 

A  mining  corporation  that  refuses  to  register  arid  transfer  on  its 
books  a  bona  fide  sale  and  transfer  of  its  stock  from  a  stockholder  to 
a  purchaser  is  hable  in  an  action  for  conversion,  and  in  an  action  for 
such  conversion  it  is  not  necessary  that  the  proof  should  be  in  strict 
conformity  with  the  averment  as  to  the  date  of  the  alleged  conversion, 
and  an  allegation  as  to  the  time  of  conversion  in  such  case  is  imma- 
terial. 

Robinson  Min.  Co.  v.  Riepe  (Nevada),  138  Pacific,  910,  p.  911,  February,  1914. 
IJABIIJTT  FOB  €X>NVEBSION — ^MEASURE  OF  DAMAGES. 

In  an  action  by  a  stockholder  against  a  mining  corporation  for 
conversion  of  stock  in  refusing  to  register  a  transfer  of  stock  on  its 
books  the  damages  necessarily  flowing  from  the  wrongful  act  of  con- 
version are  the  value  of  the  property  at  the  time  of  the  alleged  con- 
version with  legal  interest  from  that  date  to  judgment. 

Robinson  Min.  Co.  v.  Riepe  (Nevada),  138  Pacific,  910,  p.  912,  February,  1914. 
REFUSAL  TO  TRANSFER  STOOK — ^DEMAND  BEFORE  SUIT  UNNECESSARY. 

In  an  action  by  a  stockholder  against  a  mining  corporation  for  a 
conversion  of  stock  in  refusing  to  transfer  the  stock  on  its  books^  no 
demand  is  necessary  before  bringing  suit,  for  the  reason  that  the 
wrongful  taking  and  conversion  is  an  assertion  of  ownership,  and  the 
conversion  takes  place  when  the  refusal  is  made  to  transfer  the  stock, 
and  this  of  itself  constitutes  an  assertion  of  ownership  on  the  part 
of  the  corporation. 

Robinson  Min.  Co.  v.  Riepe  (Nevada),  138  Pacific,  910,  p.  912,  February,  1914. 
FRAUD  OP  OFFICERS — ^NO  DEMAND  FOR  SUIT. 

Where  officers  of  a  mining  corporation  have  had  complete  con- 
trol of  its  affairs  and  have  squandered  its  property  and  occupy  hos- 
tile relations  to  the  other  stockholders  and  have  in  the  management 
of  the  corporation  entered  upon  a  preconcerted  plan  to  obtain  for 
themselves  the  corporate  property,  and  pursuant  to  such  precon- 
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certed  action  have  obtained  title  to  the  property,  the  remaining 
stockholders  are  not  required,  before  bringing  suit,  to  demand  that 
such  officers  bring  suit  in  the  name  of  the  corporation  to  recover  the 
property  so  squandered. 

Fleming  v.  Black  Warrior  Copper  Co.,  Amalgamated  (Arizona),  136  Pacific,  273, 
p.  274,  November,  1913. 

Kleinachmidt  v.  American  Mining  Co.  (Montana),  139  Pacific,  785,  p.  788,  March, 
1914. 

SPECIAL  MEETINGS — NOTICE   OP  OBJECT. 

The  notice  of  a  special  meeting  of  the  board  of  directors  of  a  min- 
ing corporation  need  not  specify  the  object  of  the  meeting. 

Waiatah  Oil  Co.  v.  Reward  Oil  Co.  (California),  139  Pacific,  91,  p.  92,  Maich,  1914, 
POWER  OF  DIBECTOBS — ^PAYMENT  OF  SALABIES. 

The  board  of  directors  of  a  mining  corporation  has  no  inherent 
power  to  vote  a  salary  to  any  director,  as  this  power  must  emanate 
from  the  stockholders  or  from  a  by-law  legally  enacted  or  be  author- 
ized by  statute,  and  in  no  event  can  the  directors  legally  vote  them- 
selves compensation  for  past  services;  and  when  a  director  voluntarily 
or  by  the  direction  of  the  board  assumes  to  perform  the  duties  of 
secretary  or  treasurer  without  prearrangement  by  resolution  or  by- 
law or  by  contract,  he  is  not  entitled  to  recover  for  the  value  of  his 
past  services,  and  an  appropriation  and  payment  made  by  the  board 
of  directors  for  such  services  are  equivalent  to  giving  away  the  assets 
of  the  corporation. 

Kleinschmidt  v.  American  Min.  Co.  (Montana),  139  Pacific,  785,  p.  789,  March,  1914. 

MISAPPROPBIATION    OF    FUNDS — ^RIQHT    OF    STOCKHOLDERS    TO    SUE — 

PARTIES. 

Where  the  board  of  directors  of  a  mining  corporation  refuses  upon 
request  to  bring  an  action  to  recover  money  misappropriated  by  one 
of  the  officers,  the  stockholders  themselves  may  sue  on  behalf  of  the 
corporation,  and  the  right  to  sue  does  not  depend  upon  whether  the 
corporation  was  insolvent,  but  in  such  case  the  corporation  itself 
is  a  necess'ary  part,  the  action  being  for  its  benefit. 

Kleinflchmidt  v.  American  Min.  Co.  (Montana),  139  Pacific,  785,  pp.  788,  789, 
March,  1914. 

AUTHORITY  OF  PRESIDENT  TO   EXECUTE   NOTE. 

The  president  of  a  mining  corporation  may  be  clothed  with  author- 
ity to  execute  a  promissory  note  binding  on  the  corporation. 

Barrough  v.  Nevada  Milling  &  Ore  Purchasing  Co.  (Nevada),  140  Pacific,  724,  p.  725, 
May,  1914. 
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DIVIDENDS — NOT  PAYABLE   OUT   OF   CAPITAL   STOCK. 

The  rule  that  dividends  can  not  be  paid  out  of  capital  stock  does 
not  apply  to  a  case  where  a  corporation  recovered  a  decree  for  large 
sums  against  a  former  officer  for  depreciating  the  capital  stock,  and 
the  dividend  proposed  was  to  be  paid  out  of  the  amount  received  on 
such  decree,  where  in  the  meantime  funds  had  been  applied  from 
the  current  net  profits  to  the  replacement  of  the  impaired  capital 
and  the  corporation  has  sufficient  assets  over  all  its  liability  to  make 
good  its  capital  and  the  money  collected  on  such  decree  was  not  needed 
for  the  purpose  of  meeting  any  impairment  of  the  money  capital. 

Hyams  v.  Old  Dominion  Copper  Min.  &  Smelting  Co.  (New  Jersey),  89  AtLantic,  37, 
p.  39,  November,  1913. ' 

DIVroENDS — DISCRETION   OF  DIRECTORS. 

The  directors  of  a  mining  corporation  acting  upon  their  discretion 
in  the  declaration  of  a  dividend  are  not  to  be  controlled  in  such  dis- 
cretion at  the  suit  of  a  stockholder  on  the  ground  that  the  directors 
were  dominated  by  another  corporation  owning  a  majority  of  the  stock 
and  that  the  dividend  was  made  pursuant  to  an  agreement  between 
the  stockholders  of  the  corporation  in  question  and  the  stockholders 
of  such  dominating  corporation,  but  to  which  agreement  neither  the 
directors  themselves  nor  the  corporation  was  a  party. 

Hyams  i;.  Old  Dominion  Copper  Min.  &  Smelting  Co.  (New  Jersey),  89  Atlantic,  37, 
p.  40,  November,  1913. 

FRAUD   OF  DIRECTORS — ^RESCISSION   OF   CONTRACT. 

In  an  action  by  a  corporation  against  its  directors  and  othera  for 
fraud  in  selling  to  the  corporation  in  exchange  for  stock  certain 
mining  property,  the  fact  that  the  land  had  been  mined  by  the  cor- 
poration and  its  value  correspondingly  diminished  woidd  not  prevent 
the  company  from  maintaining  a  bill  for  leave  to  rescind  in  so  far 
as  possible,  and  the  court,  if  reUef  was  granted,  could  impose  such 
equitable  conditions  as  would  amply  protect  the  rights  of  the  defend- 
ants. 

United  Zinc  Cos.  v.  Harwood  (Maasachusetts),  103  Northeastern,  1^37,  p.  1039, 
January,  1914. 

FRAUDULENT  ACT   OF  DIRECTORS — ^STOCKHOLDER'S   RELIEF. 

A  court  of  chancery  may  relieve  against  the  operation  of  a  fraudu- 
lent action  of  a  board  of  directors  of  a  mining  corporation  at  the 
instances  of  a  single  stockholder  and  in  the  absence  of  intervening 
rights  of  third  persons;  and  stockholders  of  such  a  corporation  who 
possess  the  major  portion  of  its  stock  can  not  by  force  of  their  vote 
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appropriate  the  property  of  the  corporation  to  their  own  use  in  dis- 
r^ard  of  the  rights  of  the  minority  stockholders. 

Meniman  v.  National  Zinc  Corporation  (New  Jersey),  89  Atlanticj  764,  p.  765, 
February,  1914. 

DUTY  AND  LIABILITY  OP  DIBECTOBS. 

The  directors  of  a  mining  corporation,  while  not  responsible  for 
errors  in  judgment  in  the  administration  of  its  business  affairs,  are 
fiduciaries  chained  with  the  duty  of  caring  for  the  property  of  the 
corporation  and  of  managing  its  affairs  honestly  and  in  good  faith, 
and  if  this  duty  is  violated,  resulting  in  impairment  of  assets  or  injury 
to  its  property  or  unlawful  profits  to  themselves,  they  may  be  com- 
pelled in  equity  to  make  full  restitution;  and  if  strangers  combine 
and  confederate  with  them  they  all  may  be  sued  jointly,  and  each 
is  accountable  for  the  funds  or  property  unlawfully  diverted. 

United  Zinc  Cob.  v.  Harwood  (Massachusetts),  103  Northeastern,  1037,  p.  1038, 
January,  1914. 

POWEB  OF  BOARD  OF  DIRECTORS — ^RIGHT  OF  STOCKHOLDER  TO  INTER- 
FERE. 

A  stockholder  of  a  mining  corporation  can  not  maintain  an  action 
on  behalf  of  the  corporation  for  cancellation  of  a  contract  and  lease 
entered  into  by  the  board  of  directors  on  the  ground  of  personal 
interest  and  bad  faith,  by  which  the  board  had  leased  to  a  third  per- 
son the  exclusive  right  for  mining  for  minerals  for  a  period  of  50  years 
in  consideration  of  a  payment  of  a  certain  per  cent  of  the  gross 
receipts  from  sales  of  ore  where  it  appeared  that  at  the  time  of  the 
execution  of  the  contract  and  lease  the  mining  corporation  was  em- 
barrassed and  some  of  the  members  of  the  board  of  directors  were 
under  indictment  and  the  corporation  had  been  forbidden  the  use 
of  the  mails,  and  where  under  the  conditions  the  mining  company 
itself  was  unable  to  carry  on  mining  operations,  as  the  court  will 
not  interfere  in  the  matter  of  the  business  management  of  a  corpora- 
tion within  the  powers  of  its  board  of  directors,  where  the  judgment 
of  the  board  is  honestly  exercised;  and  the  fact  that  private  interests 
of  members  of  such  board,  wholly  unconnected  with  the  contract 
authorized  by  the  board,  may  be  enhanced  by  the  action  taken,  is 
not  sufBcient  to  justify  an  interference  on  the  part  of  a  court. 

^leniman  v.  National  Zinc  Corporation  (New  Jersey),  89  Atlantic,  764,  p.  765, 
February,  1914. 

POWER  OF  COURTS  TO  CONTROL  DIRECTORS — RIGHT  OF  STOCKHOLDERS. 

The  individual  stockholders  of  a  mining  corporation  can  not 
question,  in  judicial  proceedings,  the  corporate  acts  of  the  board 
of  directors,  where  such  acts  are  within  the  powers  of  the  corporation 
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and  are  in  furtherance  of  its  purpose,  and  are  not  unlawful  or  against 
good  morals  and  are  done  in  good  faith  and  in  the  exercise  of  an 
honest  judgment;  but  such  matters  must  be  left  solely  to  the  honest 
decision  of  the  directors,  and  courts  can  not  substitute  their  judgment 
and  discretion  in  the  place  of  the  judgment  of  the  directors. 

MerrlmaQ  v.  National  Zinc  Corporation  (New  Jersey),  89  Atlantic,  764,  p.  766, 
February,  1914. 

STOCK  CONTRACT   WITH   CREDrrORS — ATTEMPTED   RECISSION. 

The  judgment  creditors  of  a  mining 'corporation  whose  property 
had  been  sold  on  foreclosure  entered  into  a  contract  with  certain 
third  persons  that  in  consideration  that  such  third  persons  should 
organize  another  mining  corporation  and  would  issue  a  certain 
stated  amount  of  its  stock  to  such  judgment  creditors  of  the  old 
corporation  the  judgment  creditors  would  not  redeem  the  mining 
property  from  such  foreclosure  sale,  as  contemplated  by  them  in 
order  to  protect  their  interests,  and  such  contract  after  completion 
and  after  the  parties  have  acted  thereon  can  not  be  rescinded  by  one 
of  such  third  persons  by  mere  notice  that  such  third  persons  wiU  not 
proceed  further  under  such  contract,  and  the  new  corporation  organ- 
ized by  such  third  persons  may,  on  failure  to  issue  the  stock  pursuant 
to  such  agreement,  be  compelled  to  do  so  or  be  liable  in  damages 
as  for  a  conversion  of  stock. 

Clapp  V,  Gilt  Edge  Conaol.  Mines  Co.  (South  Dakota),  144  Northwestern,  721,  p. 
722,  December,  1913. 

INTERESTED  STOCKHOLDERS — RIGHT  TO  VOTE. 

There  is  no  such  recognized  trust  relation  between  stockholders  of 
a  mining  corporation  as  will  impose  upon  one  who  may  be  interested 
in  the  transaction,  the  authorization  of  which  is  being  acted  upon  at  a 
stockholders'  meeting,  the  burden  of  estabhshing  his  good  faith  in 
the  vote  which  he  casts,  as  the  stockholders  do  not  hold  fiduciary 
relations  to  each  other  in  the  sense  that  one  is  prevented  from  voting 
at  a  stockholders'  meeting  on  a  question  in  which  he  has  an  indi- 
vidual interest. 

Merriman  v.  National  Zinc  Corporation  (New  Jersey),  89  Atlantic,  764,  p.  767, 
February,  1914. 

SUBSCRIPTION   TO   CAPITAL   STOCK — J>ELIVERY   TO   PROMOTOR, 

A  promoter  of  a  proposed  corporation  who  solicits  and  procures 
stock  subscriptions  to  a  mining  corporation  to  be  organized  is  the 
agent  of  the  body  of  the  subscribers  to  hold  the  subscriptions  until 
the  corporation  is  formed  and  then  turn  them  over  to  it  without  any 
further  act  of  deUvery  on  the  part  of  the  subscribers;  and  in  such 
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case  a  delivery  of  a  subscription  to  such  promoter  is  a  complete  deliv- 
ery and  binding  on  the  subscriber. 

Gapp  V.  Gflt  Edge  Consol.  Mines  Co.  (South  Dakota),  144  Northwestern,  721,  p. 
724,  December,  1913. 

UABIUTY    FOR    STATUTORY   PENALTY — MINING   NEAR   DIVISION    LINE. 

A  corporation  operating  a  coal  mine  may  be  liable  for  the  statutory 
penalty  for  the  act  of  its  servants  in  mining  within  5  feet  of  a  division 
line  in  violation  of  a  statute,  and  it  is  sufficient  in  such  an  action  to 
render  a  mining  corporation  liable,  for  the  plaintiff  to  prove  that  such 
mining  was  done  by  its  servants,  as  a  failure  on  the  part  of  the  corpo- 
ration to  see  that  its  servants  obey  the  statute  is  its  own  nonobserv- 
ance  of  the  statute;  nor  is  it  a  defense  for  the  corporation  to  say  that 
it  notified  its  mine  manager  to  observe  the  property  line,  and  the  act 
of  the  manager  and  servants  at  the  mine  in  such  a  particular  is  the 
act  of  the  corporation  itself. 

Gawthiop  V.  Fairmoimt  Coal  Co.  (West  Virginia),  81  Southeastern,  560,  p.  561, 
April,  1914. 

Darby  v.  Davis  Coal  &  Coke  Co.  (West  Virginia),  81  Southeastern,  1124,  p.  1125, 
May,  1914. 

LIABILITY  AS  PUBLIC-SERVICE  CORPORATIONS. 

A  mining  corporation  whose  charter  authorizes  only  the  mining 
and  sale  of  coal  and  the  exercise  of  incidental  rights  to  such  business 
may  be  liable  and  subject  to  all  regulations  of  a  public-service  cor- 
poration where  it  engages  in  the  work  of  supplying,  from  an  electrical 
plant  installed  and  maintained  formerly  for  the  operation  of  its 
mining  property,  electricity  for  the  lighting  of  its  stores,  offices,  and 
tenement  houses,  and  also  furnishes  practically  all  other  persons 
Indent  in  the  immediate  vicinity  of  its  stores  and  offices  with  elec- 
tricity at  uniform  rates  of  compensation,  the  corporation  by  its 
servants  and  agents  wiring  the  buildings  and  furnishing  such  persons 
fixtures  for  using  the  electricity,  as  it  thus  becomes  a  public-service 
corporation  within  the  meaning  of  the  public-service  corporation  act 
of  West  Virginia. 

\^?ingiove  V.  Public  Service  Conunission  (West  Virginia),  81  Southeastern,  734, 
p.  735,  April,  1914. 

EXERCISE   OF   EMINENT  DOMAIN — REMEDY. 

The  owner  of  mineral  land,  a  right  of  way  over  which  has  been 
appropriated  by  a  public-service  corporation,  must  obtain  redress  in 
condemnation  proceedings  and  the  statutory  remedy  in  such  cases 
is  exclusive,  and  the  landowner  can  not  sue  in  ejectment  nor  is  he  en- 
titled to  an  injunction  which  will  have  the  efiPect  of  dispossessing  the 
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public-service  corporation  from  a  right  of  way  occupied  by  it;  and 
the  rule  applies  though  the  public-service  corporation  may  have 
secured  such  right  of  way  in  an  ill^al  manner. 

Tennessee  Coal,  Iron  &  R.  Co.  v.  Paint  Rock  Flume,  etc.,  Co.  (Tenneasee),  160 
Southwestern,  522,  p.  523,  November,  1913. 

PBOPERTT  SUBJECT  TO  EMINENT  DOMAIN — ^DAMAGES. 

A  corporation  organized  to  mine,  coke,  and  sell  coal  has  authority 
to  own  and  hold  such  real  estate  as  is  reasonably  necessary  or  inci- 
dental to  the  exercise  of  the  powers  for  which  it  was  incorporated, 
and  the  exercise  of  such  powers  requires  that  it  have  authority  to  secure 
coal  to  mine,  coke,  and  sell,  and  this  may  require  the  purchase  of  the 
surface  of  the  land  in  order  to  secure  the  coal  beneath,  and  having 
purchased  land  for  such  purpose  and  during  the  ownership  thereof 
it  may  use  the  surface  for  agricultural  or  other  purposes,  and  as 
such  owner  of  the  surface  the  coal  corporation  may  be  entitled  to 
damages  for  any  permanent  injury  to  the  surface  in  the  exercise  of 
the  right  of  eminent  domain  by  any  other  corporation  or  person. 

La  Salle  County  Carbon  Coal  Co.  v.  Sanitary  District  (Illinois),  103  Northeastern, 
175,  p.  176,  December,  1913. 

KNOWLEDGE   OF  OFFICER  NOT   NOTICE   TO   CORPORATION. 

A  mining  corporation  organized  for  operating  coal  mines  under  a 
lease  given  to  three  partners  providing  for  the  payment  of  a  stipu- 
lated royalty  is  not  bound  by  an  independent  agreement  made  by  such 
partners  with  the  lessor  to  the  eflFect  that  in  case  the  mine  was  oper- 
ated by  third  persons  or  by  a  corporation  organized  for  that  purpose 
an  increased  royalty  should  be  paid,  from  the  fact  that  one  of  such 
partners  was  elected  president  of  the  corporation,  as  in  such  case  the 
partner,  though  president  of  the  corporation,  was  acting  for  and  on 
behalf  of  himself  and  partners  and  not  for  the  corporation. 

Rockport  Coal  Co.  v.  Carter  (Kentucky),  163  Southwestern,  734,  p.  735  (February, 
1914. 

PERSONAL  LIABILITY  OF   OFFICERS. 

The  managing  officer  of  a  corporation  who  knowingly  permits  the 
tailings  of  the  mining  corporation  to  be  thrown  upon  the  lands  of 
another,  and  who  had  been  warned  by  the  landowner  and  notified 
not  to  permit  the  accumulations  of  taihng  on  his  land,  is  a  joint 
tort  feasor  with  the  corporation  and  personally  hable  in  an  action 
for  damages. 

RobinBon  v,  Moark  Nemo  Conaol.  Min.  Co.  (Missouri  Appeals),  163  Southwestern, 
865,  p.  888,  February,  1914. 
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UABIUTY  OF  DIRECTORS    FOR  DEBT  OF   CORPORATION — ^IMPLIED 

ASSENT. 

The  directors  of  a  mining  corporation  that  was  insolvent  and  had 
no  credit  are  personally  liable  to  a  bank  for  a  loan  made,  where  it 
was  stated  by  the  officer  of  the  bank  that  the  bank  would  let  the 
corporation  have  the  money  if  the  directors  would  be  personally  re- 
sponsible, and  where  the  directors  said  nothing  but  permitted  the 
money  to  be  loaned  which  they  knew  could  not  be  borrowed  on  the 
credit  of  the  company,  and  which  was  in  fact  applied  to  the  payment 
of  the  debts  of  the  mining  company. 

Uvalde  National  Bank  v.  Bzooks  (Texas  Civil  Appeals),  162  Southwestern,  957^ 
p.  9^,  January,  1914. 

POWER  OF  OFFICER. 

The  president,  secretary,  or  general  manager  of  a  mining  corpora^ 
tion  has  no  power,  by  reason  of  his  office  alone,  to  sell  or  lease  the 
property  of  the  corporation. 

Fianklin  v.  Havalena  Min,  Co.  (Arizona),  141  Pacific,  727,  p.  730,  June,  1914. 
FAILURE  TO   COMPLY  WITH  LOCAL  LAWS — TITLE  TO  REAL   ESTATE. 

The  statute  of  Idaho  requires  a  foreign  corporation  to  file  in  the  office 
of  the  clerk  of  the  district  court  of  the  proper  county  its  designation 
of  an  agent,  and  expressly  provides  that  no  foreign  corporation  can 
take  or  hold  title  to  real  estate  prior  to  making  such  filing,  and  the 
statute  in  this  respect  is  mandatory,  and  a  conveyance  made  to  a 
foreign  mining  corporation  that  has  failed  to  comply  with  this 
requirement  is  null  and  void. 

Dickens- West  Min.  Co.  v.  Creecent  Min.  &  Milling  Co.  (Idaho) ,  141  Pacific,  566, 
p.  568,  June,  1914. 

INSOLVENCY  AND   REORGANIZATION — FRAUDULENT   AGREEMENT    WITH 

CREDITORS. 

A  contract  by  an  insolvent  corporation  with  the  holder  of  its  bonds 
to  the  effect  that  such  holder  could,  upon  default,  purchase  all  the 
mining  property  of  the  corporation  at  a  price  much  less  than  its 
actual  value  and  that  in  consideration  thereof  a  new  company  was 
to  be  organized  and  a  stated  amount  of  the  capital  stock  of  the  new 
company  should  be  issued  to  certain  creditors  of  the  old  corporation 
in  payment  of  their  claim,  is  fraudulent  and  void  as  against  the  non- 
consenting  creditors  of  the  old  corporation  and  ineffective  to  bar 
their  resort  to  the  property  in  satisfaction  of  their  adverse  demands. 

Pittsmont  Copper  Ck>.  v.  O'Bourke  (Montana),  141  Pacific,  849,  p.  852,  June,  1914. 
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MINING  CLAIMS. 

MINEBAL  CHABACTEB  OF  LAND. 
LANDS   VALUABLE  FOB  MINEBALS — MEANINQ. 

Lands  known  to  be  valuable  for  mineral  can  not  be  acquired  for 
any  purpose  other  than  for  mining  and  under  the  miniTig  statute,  and 
the  term  ''lands  known  to  be  valuable  for  mineral"  means  that  there 
must  be  knowledge  of  the  presence  of  mineral  deposits  of  such  quality 
and  in  such  quantity  as  would  render  their  extraction  profitable  and 
justify  expenditures  to  that  end ;  but  there  are  vast  tracts  of  public 
land  in  which  minerals  of  different  kinds  are  found,  but  not  in  such 
quantity  as  to  justify  expenditures  in  the  effort  to  extract  them,  and 
it  is  not  to  such  lands  that  the  term  ''mineral"  in  the  sense  of  the 
statute  is  appUcable,  and  the  term  "known  to  be  valuable"  has  refer- 
ence to  the  time  of  purchase,  and  if  land  so  purchased  is  not  so  known 
to  be  valuable  at  the  time  doubt  can  not  be  cast  upon  the  title  by 
any  subsequent  discovery  of  minerals  however  valuable. 

Diamond  Coal  Co.  v.  United  States,  233  U.  S.,  236,  p.  240.  April,  1914. 

CLASSIFICATION   OF  MINERAL  LANDS. 

Where  mineral  surveyors  are  instructed  to  note  in  their  returns  all 
lands  foimd  to  be  of  a  mineral  character  as  '^ mineral"  and  to  make 
no  notation  as  U)  lands  found  to  be  nonmineral,  it  can  not  be  said 
that  a  return  des^ating  some  lands  as  mineral  and  containing  no 
notation  as  to  others  fails  to  classify  the  latter,  as  nonmineral,  as 
the  silence  of  the  return  in  such  case  is  as  significant  as  the  express 
notation  in  the  other. 

West  V.  Edward  Rutledge  Timber  Co.,  210  Fed.,  189,  p.  195,  July,  1913. 
CLASSIFICATION — MEANING  OF   VEIN   AND   LODE. 

In  order  to  determine  whether  lands  containing  a  given  mineral 
deposit  are  of  the  class  subject  to  location  and  patent  under  the  law 
appUcable  to  lode  claims,  resort  is  to  be  had  to  the  language  of  the 
statute  rather  than  to  definitions  of  the  terms  ''vein/'  "lode,"  and 
"ledge"  as  given  by  geologists  from  a  scientific  viewpoint;  but  the 
statute  is  to  be  construed  in  the  fight  of  the  prevailing  and  commonly 
known  use  of  these  terms  as  defined  by  miners  as  the  result  of  their 
practical  experience  in  mining,  and  the  definitions  given  by  the  courts 
are  not  those  of  geologists,  but  are  to  be  considered  and  used  in  the 
signification  which  they  convey  to  the  practical  miner  and  not  in  the 
sense  generally  used  by  the  scientific  men. 

East  Tintic  Min.  Co.,  In  re,  43  Land  Dec.,  79,  p.  81,  January,  1914. 
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GENERAL  FEATTJBES. 
MINING  CLAIM — WHAT  CONSTITUTES. 

The  rule  that  the  term  ''mining  claim"  as  used  in  the  statute  of 
Nevada  means  only  an  unpatented  claim  held  under  the  mining 
laws  can  not  be  applied  to  mining  claims  held  in  Montana,  as  in  the 
latter  State  a  mining  claim  includes  one  held  imder  patent  as  well 
as  one  held  merely  by  location  before  patent. 

Northern  Pac.  R.  Co.  v.  Mjelde  (Montana),  137  Pacific,  386,  p.  391,  December,  1913. 

MINE — WHAT  CONSTITUTES. 

A  mine  is  variously  defined:  An  opening  or  excavation  in  the 
earth  for  the  purpose  of  extracting  minerals;  a  pit  or  excavation  in 
the  earth  from  which  metalhc  ores  or  other  mineral  substances  are 
taken  by  dicing;  an  opening  in  the  earth  made  for  the  purpose  of 
taking  out  minerals,  and  in  case  of  coal  mines,  commonly  a  worked 
vein;  an  excavation  properly  underground  for  digging  out  some  usual 
product,  as  ore,  metal,  or  coal,  including  any  deposit  of  any  material 
suitable  for  excavation  and  working,  as  a  placer  mine;  the  under- 
ground passage  and  workings  by  which  the  minerals  are  gotten  to- 
gether with  these  minerals  themselves;  the  term  "mine"  whenappUed 
to  coal  is  generally  equivalent  to  a  worked  vein,  for  by  workii^  the 
vein  it  becomes  a  mine;  the  mode  of  obtaining  the  material  and  not 
the  nature  of  the  material  itself  is  to  be  considered  in  order  to  come 
to  a  decision  whether  it  constitutes  a  mine. 

Northern  Pac.  R.  Co.  v,  Mjelde  (Montana),  137  Pacific,  386,  p.  389,  December,  1913. 

EXTENT  OF   CLAIM. 

The  locator  of  a  lode  mining  claim  can  not  claim  a  greater  length 
in  either  direction  along  the  vein  or  lode  than  is  specified  in  his  loca- 
tion notice. 

Swanflon  v.  Koneninger  (Idaho),  137  Pacific,  891,  p.  892,  December,  1913. 

AMENDED  CERTIFICATE — RELATION. 

An  amended  certificate  of  a  mining  location  intended  to  cure 
obvious  defects  only  in  the  original  certificate  will  relate  back  to  the 
original,  even  as  against  intervening  locations. 

Gobert  v.  Butterfield  (California),  136  Pacific,  516,  p.  517,  October,  1913. 

AMENDED   LOCATION. 

The  locator  of  a  mining  claim  may  amend  his  location  if  it  can  be 
done  without  prejudice  to  the  rights  of  others. 

Gobert  v.  Butterfield  (California),  136  Pacific,  516,  p.  517,  October,  1913. 
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EXCESSIVE  LOCATION — EFFECT. 

A  location  in  excess  of  the  statutory  limit,  made  in  good  faith  and 
with  injury  to  others,  is  voidable  only  as  to  the  excess. 

Gobert  v.  Butteifield  (California),  136  Pacific,  516,  p.  517,  October,  1913. 
DEPOSIT   OF  PURCHASE   PRICE — USE   BY  DEPARTMENT. 

The  purchase  price  of  a  mining  claim  on  application  for  patent 
must  be  on  deposit  and  so  remain  tmtil  accepted  by  the  Interior 
Department;  but  the  department  has  no  right  to  accept  the  purchase 
price  of  public  lands  and  appropriate  the  same  to  the  sale  of  any 
specified  tract,  imtil  the  purchaser  has  met  all  the  conditions  pre- 
scribed by  law  and  the  l^al  regulations  made  pursuant  thereto  which 
entitle  him  to  the  full  legal  rights  to  become  the  piu-chaser. 

Shank  v.  Hobnes  (Arizona),  137  Pacific,  871,  p.  875,  January,  1914. 
RIGHT   OF  LOCATOR  TO  WATER   FROM   SPRINGS. 

The  locator  of  a  mining  location  is  not  entitled  to  the  water  flowing 
from  a  spring  in  a  natural  channel  merely  because  the  spring  is  within 
the  exterior  boimdaries  of  his  mining  claim,  in  the  absence  of  a  proper 
appropriation  of  the  water  flowing  from  such  spring. 

Campbell  v.  Goldfield  Consol.  Water  Co.  (Nevada),  136  Pacific,  976,  p.  978,  Decem- 
ber, 1913. 

KNOWLEDGE   OF  VEINS   OR   LODES   WITHIN   PLACER   CLAIM. 

Before  it  can  be  held  that  veins  or  lodes  are  excluded  from  a  placer 
patent  it  is  not  sufficient  to  show  that  the  land  does  in  fact  contain 
valuable  minerals,  but  it  must  be  shown  that  at  the  time  of  the  apph- 
cation  for  patent  more  has  been  discosrered  than  the  indications  of 
minerals  which  woidd  ordinarily  sustain  a  lode  location,  and  that  it 
was  at  that  time  known  to  the  placer  applicant,  or  to  the  community 
generally,  or  disclosed  by  workings  and  obvious  to  anyone  making 
a  reasonable  and  fair  inspection  of  the  premises  for  the  purpose  of 
obtaining  title,  that  there  was  rock  in  place  bearing  mineral  of  such 
extent  and  value  as  would  justify  expenditures  for  the  purpose  of 
extracting  them. 

:Ma8on  V.  Washington-Butte  Min.  Co.,  214  Fed.,  32,  p.  37,  May,  1914. 
DISCOVERY  ESSEm?IAL  TO  LOCATION. 

DISCOVERY   AND   LOCATION   ON   PUBLIC   DOMAIN. 

The  discovery  on  which  the  location  of  a  mining  claim  is  made 
must  exist  upon  some  part  of  the  pubUc  mineral  domain  not  already 
occupied  and  held  under  a  prior  and  subsisting  mining  location. 

Emerson  v.  Akin  (Colorado  Appeals),  140  Pacific,  481,  April,  1914. 
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DISCOVERY  POINT — LOCATION. 

The  discovery  point  of  a  lode  location  to  make  it  valid  must  be 
upon  free  territory. 

Bofimd  Mountain  Min.  Co.  v.  Round  Mountain  Sphinx  Min.  Co.  (Nevada),  138 
Fadfic,  71,  p.  74,  January,  1914. 

DISCOVERY — QUESTION   OP  FACT. 

The  question  of  discovery  sufficient  to  support  a  lode  location  is 
one  of  fact,  and  a  finding  by  a  trial  court  that  no  discovery  had  been 
made  on  the  claim  and  that  the  required  assessment  work  had  not 
been  performed  will  not  be  disturbed  on  appeal  where  the  evidence 
was  confficting,  and  the  rule  is  not  affected  by  the  fact  that  both 
parties  to  the  action  were  claiming  the  ground  in  dispute  as  being 
mineral. 

Ebner  Gold  Min.  Co.  v.  Alaaka-Juneau  Min.  Co.,  210 Fed.,  599,  p.  603,  January,  1914. 
See  Multnomah  Min.  Mill,  etc.,  Co.  v.  United  States,  211  Fed.,  100,  January,  1914. 

DISCOVERY — BUKDEN   OF   PROOF. 

An  appropriate  discovery  of  mineral  is  necessary  to  the  lawful 
location  of  a  placer  claim^  and  it  is  not  sufficient  if  the  locator  in 
panning  obtains  colors  of  gold  and  in  some  instances  fairly  good 
prospet^ts  of  gold,  but  the  discovery  should  be  such  as  to  justify  a 
man  of  ordinary  prudence,  not  necessarily  a  skilled  miner,  in  the 
expenditure  of  his  time  and  money  in  the  development  of  the  prop- 
erty; but  the  burden  of  proof  is  upon  the  Government  in  an  action 
to  set  aside  the  patent  alleged  to  have  been  procured  by  fraudulent 
representations  as  to  a  discovery,  and  the  presumption  that  the 
patent  was  correctly  issued  can  be  overcome  only  by  clear  and  con- 
%'incing  proof  of  the  fraud  alleged. 

Multnomah  Min.  MiU.,  etc.,  Co.  v.  United  Statee,  211  Fed.,  100,  p.  102,  January, 
1914. 

NOTICE    WITHOUT  DISCOVERY — EFFECT. 

The  basis  of  location  of  a  mining  claim  is  discovery  and  the  mere 
posting  of  a  notice  without  a  discovery  is  of  no  force  or  effect  so  far 
as  rendering  invahd  another  location  covering  a  portion  of  the  same 
ground  based  upon  a  vahd  discovery. 

Round  Mountain  Min.  Co.  v.  Round  Mountain  Spliinx  Min.  Co.  (Nevada),  138 
Pacific,  71,  p.  76,  January,  1914. 

PREST7MPTION    FROM    PATENT. 

Where  the  vaUdity  of  a  mining  claim  depends  upon  the  priority 
of  discovery  and  a  patent  has  been  issued  by  the  Land  Department 
it  must  be  presmned  that  the  department  determined  aU  facts  neces- 
sary to  the  issuance  of  a  vahd  patent,  including  the  question  of  priority 
of  discovery. 

Round  Mountain  Min.  Co.  v.  Round  Mountain  Sphinx  Min.  Co.  (Nevada),  138 
Pacific,  71,  p.  77,  January,  1914. 
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DISCOVERY — SUFFICIENCY. 

Discovery  as  applied  to  a  mining  claim  means  the  acquirement  of 
knowledge  that  a  vein  or  lode  exists  within  the  limits  of  the  claim; 
and  while  it  is  not  necessary  that  pay  ore  be  foimd  in  order  to  make 
a  valid  discovery,  it  is  necessary  that  the  indications  be  of  such  a 
character  that  miners  in  the  particular  district  would  follow  them  in 
the  expectation  of  finding  ore,  such  as  woidd  justify  them  in  working 
a  claim  for  that  purpose. 

Mason  v.  Waahington-Butte  Min.  Co.,  214  Fed.,  32,  p.  35,  May,  1914, 

PROOF  SUFFICIENT  TO   SUSTAIN. 

A  mineral  discovery  sufficient  to  warrant  the  location  of  a  mining 
claim  is  proved  where  it  is  shown  that  mineral  is  found  in  such 
quantity  that  a  person  of  ordinary  prudence  would  be  justified  in 
the  further  expenditure  of  his  labor  and  means  with  a  reasonable 
prospect  of  success  in  developing  a  valuable  mine. 

East  Tintic  Min.  Co.,  In  re,  43  Land  Dec.,  79,  January,  1914. 

VALUABLE  VEIN  OR  LODE — ELEMENTS  OF  VALUE. 

In  determining  the  question  of  the  value  of  a  vein  or  lode  sufficient 
to  constitute  discovery  the  size  of  the  vein  as  disclosed,  the  quality 
of  mineral  it  carries,  its  proximity  to  working  mines  and  location  in 
an  estabhshed  mineral  district,  the  geological  conditions,  the  fact 
that  similar  veins  in  the  particular  locality  have  been  successfully 
explored — ^these  and  other  like  facts  would  naturally  be  considered  by 
a  prudent  man  in  determining  whether  the  vein  or  lode  discovered 
warrants  a  further  expenditure. 

East  Tintic  Min.  Co.,  In  re,  43  Land  Dec,  79,  p.  82,  January,  1914. 

ELEMENTS    OF  DISCOVERY. 

The  following  elements  are  necessary  to  constitute  a  valid  discov- 
ery on  a  lode  mining  claim:  (1)  A  vein  or  lode  of  quartz  or  other 
rock  in  place;  (2)  the  quartz  or  other  rock  in  place  must  carry 
gold  or  other  valuable  mineral  deposit;  (3)  elements  1  and  2  when 
taken  together  must  be  such  as  to  warrant  a  prudent  man  in  the  ex- 
penditure of  his  time  and  money  in  an  effort  to  develop  a  valuable 
mine. 

East  Tintic  Min.  Co.,  In  re,  43  Land  Dec,  79,  p.  82,  January,  1914. 

ujlkkjnq  boundaries. 

MARKING  BOUNDARIES  ON  THE  GROUND — ^PURPOSE. 

The  object  of  the  law  in  requiring  the  location  of  the  mining  claim 
to  be  marked  upon  the  ground  is  to  fix  the  claim  to  prevent  floating 
or  swinging,  so  that  persons  who  in  good  faith  are  looking  for  unoccu- 
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pied  ground  in  the  vicinity  of  the  location  may  be  enabled  to  ascer- 
tain exactly  what  ground  has  been  appropriated  in  order  to  make 
their  locations  upon  the  residue. 

Swanflcm  v.  Kcmeniiiger  (Idaho),  137  Pacific,  891,  p.  893,  December,  1913« 
MABKING  BOUNDARIES — ^EFFECT  AND  OBLITEEATION. 

When  a  mining  claim  is  once  sufficiently  marked  on  the  ground 
and  aU  necessary  location  acts  are  performed,  the  locator  is  vested 
with  a  right  which  can  not  be  divested  by  a  subsequent  obliteration 
of  the  marks  or  removal  of  the  stakes,  without  his  fault,  and  the  fact 
that  the  original  stakes  can  not  in  later  years  be  found  raises  no 
presumption  against  the  vaHdity  of  the  original  marking. 

Gobert  v.  Batterfield  (California),  136  Pacific,  516,  p.  517,  October,  1913. 

TIME  OF  MABKING  BOUNDABIES. 

The  boundaries  of  a  mining  claim  may  be  marked  at  any  time 
prior  to  the  acquisition  of  an  intervening  right,  regardless  as  to 
whether  the  time  within  which  the  marking  was  made  is  reasonable 
or  otherwise. 

Gobert  v.  Butterfield  (California),  136  Pacific,  516,  p.  517,  October,  1913. 

SWINOINO  CLAIMS. 
SHIFTING  LINES. 

It  is  contrary  to  the  poUcy  and  spirit  of  the  mining  laws  to  permit 
a  mining  claim  of  excessive  size  to  be  staked  and  then  afford  the  oppor- 
tunity for  the  stakes  to  be  shifted  at  the  locator's  pleasure  and  the 
claim  swung  :.o  as  to  include  ground  proved  to  be  rich  in  mineral 
through  the  development  of  other  ore  bodies. 

Swaoflon  v,  Eoneninger  (Idaho),  137  Pacific,  891,  p.  893,  December,  1913. 

Before  patent  a  lode  locator  may  shift  his  hues  or  float  his  location 
on  the  public  domain  if  he  does  not  interfere  with  the  rights  of 
others. 

Bound  Mountain  Min.  Co.  v.  Round  Mountain  Sphinx  Min.  Co.  (Nevada),  138  Pacific,, 
71,  p.  79,  January,  1914. 

IX>CATION  NOTICE  AND  CEBTIFICATB. 

CONTENTS  AND  SUFFICIENCY — ^RECOBD. 

A  record, of  a  certificate  of  location  which  recites  the  citizenship 
of  the  locators,  the  fact  of  discovery,  and  the  fact  that  the  location 
has  been  marked  upon  the  ground  so  that  the  boundaries  can  be  read- 
ily traced  is  not  evidence  of  any  of  these  facts  in  any  of  the  States  or 
Territories  for  the  reason  that  no  such  facts  are  required  to  be  stated 
in  any  of  the  statutory  notices. 

Round  Mountain  Min.  Co.  v.  Round  Mountain  Sphinx  Min.  Co.  (Nevada),  13S 
Pacific,  71,  p.  76,  January,  1914. 
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LOCATION   NOTICE — BUrFICIBNCt. 

A  location  notice  or  declaratory  statement  as  it  is  sometimes  called 
is  not  required  to  contain  a  description  of  the  mining  claim  by  metes 
and  bounds,  but  the  statute  does  require  that,  taking  the  discovery 
as  the  initial  point,  the  boundaries  be  so  definite  and  certain  as  that 
they  can  be  readily  traced,  and  the  notice  or  declaratory  statement 
must  contain  directions,  which,  taken  with  tLe  marking,  will  enable  a 
person  of  reasonable  intelligence  to  find  the  claim  and  run  its  lines;  but 
while  neither  mathematical  precision  as  to  measiu'ements  nor  tech- 
nical accuracy  of  expression  is  expected,  yet  the  degree  of  accuracy 
that  is  required  is  indicated  by  the  fact  that  the  locator,  after  his  dis- 
covery, has  30  days  in  which  to  definitely  ascertain  the  course  of 
the  vein  or  lode  and  mark  its  boundaries,  and  30  days  more  in  which 
to  file  his  notice  or  declaratory  statement  describing  the  claim  so 
that  it  can  be  identified. 

Swanaon  v.  Konenioger  (Idaho),  137  Pacific,  891,  p.  893,  December,  1913. 

SUFFICIENCY. 

It  can  not  be  said  as  a  matter  of  law  that  a  notice  of  the  location 
of  a  mining  claim  is  insufiicient  where  the  notice  was  written  on  a 
piece  of  white  paper  and  placed  on  a  stick  leaning  up  against  the  side 
of  a  cut  on  the  surface  rock,  and  another  rock  put  on  top  of  the  paper 
so  that  it  would  not  blow  away,  the  paper  being  large  enough  to 
show  under  the  rock,  but  the  writing  itself  was  not  exposed. 

Emeraon  v.  Akin  (Colorado  Appeals),  140  Pacific,  481,  p.  482,  April,  1914. 

LOCATION   NOTICE — ^INSUFFICIENCY. 

That  degree  of  accuracy  required  in  a  location  notice  or  declaratory 
statement  is  not  met  if  the  description  given  is  so  erroneous  as  to  be 
delusive  and  misleading,  as  when  the  declaratory  statement  and  the 
markings  upon  the  ground  do  not  even  approximately  agree  as  to 
the  general  shape  of  the  claim  or  as  to  any  point,  direction,  or  dis- 
tance. 

Svranaon  v.  Koneoinger  (Idaho\  137  Pacific,  891,  p.  893,  December,  1913. 
CONFLICT  BETWEEN   NOTICE   AND   BOUNDARIES. 

In  case  of  a  conflict  between  the  location  notice  of  a  lode  claim  and 
the  boundaries  of  the  claim  as  marked  by  the  stakes,  the  rule  that 
the  stakes  control  applies  only  so  far  as  there  is  no  substantial  vari- 
ance between  such  stakes  and  the  notice  of  location;  but  where  the 
course  and  distance  are  not  with  certainty  defined  by  monuments  or 
stakes  the  clause  in  the  location  notice  must  govern.  Where  there 
is  doubt  as  to  the  monuments,  there  can  be  no  reason  for  the  rule 
that  the  monuments  should  prevail. 

Swanson  v.  Koneniixger  (Idaho),  137  Pacific,  891,  p.  892,  December,  1913. 
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CERTIFICATE   OF  LOCATION — PRESUBiPTIVE   BYIDENCE. 

Where  mining  claims  have  been  transferred  and  have  stood  un- 
diallenged  for  years  and  have  been  developed  by  successive  owners, 
a  certificate  of  location  in  due  form  is  presumptive  evidence  of  dis- 
covery and  of  a  valid  location;  but  in  the  absence  of  grounds  of  such 
presumptive  evidence  a  location  notice  is,  when  recorded,  prima 
facie  only  of  what  the  State  requires  it  to  contain,  and  which  is  therein 
sufficiently  set  forth. 

Thomas  v.  South  Butte  Min.  Co.,  211  Fed.,  105,  p.  107,  Februar>',  1914. 

LOCATION   CERTIFICATE CONTENTS. 

Section  2324  of  the  Revised  Statutes  of  the  United  States  requires 
that  a  certificate  of  the  location  of  a  mining  claim  shall  contain  the 
names  of  the  locators,  the  date  of  location,  and  such  a  description 
of  the  claim  by  reference  to  some  natural  object  or  permanent 
monuments  as  will  identify  it,  but  such  a  certificate  is  not  proof  of 
discovery  or  the  existence  of  a  vein  or  lode  that  would  justify  exploi- 
tation,  and  especially  so  where  there  is  no  proof  that  the  claim  waa 
ever  developed. 

Thomas  v.  South  Butte  Min.  Co.,  211  Fed.,  105,  p.  108,  Fehruary,  1914. 
lONEBAIi  SUBVEYOB^-airAIJFICATIONS  AND  DTTTIES. 
DEPUTY   MINERAL   SURVEYOR   DISQUALIFIED. 

A  deputy  mineral  surveyor  is  an  officer  or  employee  of  the  general 
land  office  within  the  scope  of  section  452  of  the  Revised  Statutes 
of  the  United  States  and  is  disqualified  and  prohibited  from  directly 
or  indirectly  purchasing  or  becoming  interested  in  the  purchase  of 
public  lands. 

United  States  v.  Havener,  209  Fed.,  988,  p.  989,  November,  1913. 

DUTY  TO  NOTE  CONFLICT  AREA. 

It  is  the  duty  of  a  deputy  mineral  surveyor  to  set  forth  in  his  field 
notes  the  exclusions  of  any  conflict  area  in  surveying  a  mining  claim 
and  to  designate  the  claim  or  claims  in  favor  of  which  such  exclusion 
is  made,  and  it  is  not  to  be  presumed,  in  the  absence  of  a  showing 
to  the  contrary,  that  the  application  for  patent  or  the  public  notice 
was  in  conffict  with  the  exclusion  made  in  the  field  notes  of  the  deputy 
mineral  surveyor. 

Round  Mountain  Min.  Co.  v.  Round  Mountain  Sphinx  Min.  Co.  (Nevada),  138 
Pacific,  71,  p.  75,  January,  1914. 
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PLAT  AND  FIELD  NOTES — APPROVAL. 

The  plat  and  field  notes  of  a  deputy  mineral  surveyor  must  have 
the  approval  of  the  United  States  surveyor  general  before  transmission 
to  the  General  Land  Office;  and  when  the  field  notes  of  a  deputy 
mineral  surveyor  are  approved  by  the  surveyor  general,  and  such 
plat  and  field  notes  show  an  exclusion  made  by  the  officials  of  the 
Government  upon  whom  the  duty  is  imposed  of  making  the  same, 
and  when  patent  issues  and  reference  is  made  to  such  field  notes, 
the  exclusions  therein  mentioned  become  the  exclusions  of  the 
Government  itself,  and  it  is  immaterial  at  whose  instance  they  were 
made,  even  if  made  at  the  suggestion  of  the  applicant  himself. 

Round  Mountain  Min.  Go.  v.  Round  Mountain  Sphinx  Min.  Co.  (Nevada),  138 
Pacific,  71,  p.  76,  January,  1914. 

DESCRIPTION  OF  CLAIM. 

REFERENCE  TO  PLAT  AND  FIELD  NOTES — EFFECT. 

A  reference  in  a  patent  for  a  mining  claim  to  the  official  plat  and 
survey  makes  such  plat  and  field  notes  of  such  survey  a  part  of  the 
description  granted,  the  same  as  if  incoiporated  at  length  in  the 
patent. 

Round  Mountain  Min.  Co.  v.  Round  Mountain  Sphinx  Min.  Co.  (Nevada),  138 
Pacific,  71,  p.  76,  Januaxy,  1914. 

REGULATIONS  OF  GENERAL  LAND  OFFICE. 

The  rules  and  regulations  of  the  General  Land  Office  in  relation  to 
mining  claims  have  the  force  and  effect  of  law  and  may  require  the 
description  of  a  mining  claim  to  show  definitely  the  portions  intended 
to  be  included  and  may  require  that  the  survey  of  contiguous  loca- 
tions shall  distinguish  the  several  locations  and  exhibit  the  bound- 
aries of  each  and  state  the  area  of  each  location  and  also  the  area  in 
conffict  with  any  intersecting  survey  or  claim. 

Round  Mountain  Min.  Co.  v.  Round  Mountain  Sphinx  Min.  Co.  (Nevada),  138 
Pacific,  71,  p.  75,  January,  1914. 

SURVEY   SUFFICIENT  FOR  DIFFERENT  APPLICATIONS. 

The  mere  canceUng  of  the  entry  upon  an  appUcation  for  patent 
for  mining  claim,  and  in  which  the  official  survey  was  made  a  part, 
in  no  manner  affects  the  plat  and  field  notes  of  the  survey  or  prohibits 
their  use  or  a  copy  thereof  in  a  subsequent  application  for  a  patent 
for  the  same  claim. 

Shank  v.  Holmes  (Arizona),  137  Pacific,  871,  p.  874,  January,  1914. 
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ASSESSMENT  WOBX. 
ASSESSMENT  WORK — CONSIDERATION. 

Money  advanced  by  a  bank  at  the  request  of  the  managing  officers 
of  a  Tnining  corporation  for  the  payment  of  assessment  work  is  a 
sufficient  consideration  for  the  execution  by  the  mining  corporation 
of  a  note  secured  by  a  mortgage  on  an  unpatented  claim. 

MLUer  v.  Del  Kio  Min.  d  Mill.  Co.  (Idaho),  136  Pacific,  448,  p.  450,  November,  1913. 

RESUMPTION  OP  WORK — BPTBCT. 

The  locator  of  a  mining  claim  in  Alaska  who  has  failed  to  perform 
the  annual  assessment  work  as  required  by  the  act  of  March  2,  1907 
(34  Stat.y  1243),  can  not  protect  his  claim  and  save  his  rights  by  a 
resumption  of  the  work  prior  to  the  intervention  of  other  parties. 

Ebner  Gold  Min.  Co.  v.  AlaflkaJuneau  Min.  Co.,  210  Fed.,  589,  p.  d04,  January, 
1914. 

PROOF  OF  PERFORMANCE. 

Under  section  3211  of  the  Revised  Codes  of  Montana  the  affidavit 
of  the  performance  of  the  annual  assessment  work  upon  lode  mining 
claims  is  prima  facie  evidence  of  the  performance  of  such  assessment 
work,  but  when  such  prima  facie  evidence  is  met  and  overcome  by 
positive  evidence  that  the  labor  was  not  performed  it  then  devolves 
upon  the  locator  or  owner  to  show  by  evidence  of  a  positive  and 
affirmative  nature  other  than  the  affidavit  that  the  work  had  actually 
been  performed;  but  the  mere  proof  that  the  locator  or  owner  had 
actually  paid  $100  for  the  performance  of  such  assessment  work  is 
not  sufficient  evidence  that  the  work  was  actually  done  where  the 
proof  showed  that  the  work  was  not  done,  as  in  such  case  the  ques- 
tion is  not  whether  the  money  was  paid  for  the  work,  or  whether 
the  locator  honestly  believed  the  work  was  done,  but  whether  the 
work  was  actually  performed  on  the  mining  claim,  and  the  statute 
requiring  the  work  is  mandatory. 

Dickens-West  Min.  Co.  v.  Crescent  Min.  &  Milling  Co.  (Idaho),  141  Pacific,  566, 
p.  568,  June,  1914. 

CONSTRUCTION   OP   ROAD. 

Labor  performed  by  the  owner  of  a  mining  claim  in  constructing 
a  wagon  road  thereto  for  the  purpose  of  better  developing  and  oper- 
ating his  mine  and  for  the  purpose  of  aiding  in  the  conduct  of  Twining 
operations  on  the  particular  claim  to  which  it  is  sought  to  be  accred- 
ited, the  value  whereof  is  duly  certified  by  the  surveyor  general,  may 
be  accredited  as  assessment  work  or  as  development  work  required 
as  a  prerequisite  to  the  issuance  of  a  patent. 

Tacoma  d  Boche  Harbor  lime  Co.,  In  re,  43  Land  Dec.,  128,  p.  132,  February,  1914 
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MINEBS  BBOULATINO  ASSESSMENT  WORK. 

Section  2324  of  the  Revised  Statutes  of  the  United  States  permits 
miners  of  each  mining  district  to  make  regulations  not  in  conflict 
with  the  United  States  statutes  governing  assessment  work  on  mining 
claims. 

Tacoma  d  Roche  Harbor  Lime  Co.,  In  re,  43  Land  Dec.,  128,  p.  131,  February,  1914. 
CERTIFICATE   OP   SURVEYOR   GENERAL — BASIS   OF   INFORMATION. 

The  surveyor  general  may  derive  his  information  upon  which  to 
base  his  certificate  as  to  the  value  of  labor  expended  or  improvements 
made  upon  a  mining  claim  from  the  deputy  mineral  sm^eyor  who 
made  the  actual  survey  and  examination  upon  the  premises,  and  such 
deputy  should  specify  with  particularity  and  full  detail  the  character 
and  extent  of  such  improvements,  and  in  any  case  further  or  other 
evidence  may  be  required. 

Sheldon,  In  re,  43  Land  Dec.,  152,  p.  155,  February,  1914. 

nCPBOVEMBNTS. 
TIME  OF  MAKING — PROPER  CREDITS. 

No  part  of  the  value  of  permanent  or  immovable  improvements 
upon  a  mining  claim  made  long  prior  to  the  location  thereof  by  the 
claimant  under  a  previous  location  embracing  the  same  ground, 
solely  to  improve  and  develop  the  entire  claim,  can  be  accredited  to 
the  later  claim  toward  meeting  the  statutory  requirement  as  to 
patent  expenditures. 

Sheldon,  In  re,  43  Land  Dec.,  152,  p.  156,  February,  1914. 

CERTIFICATE  OF  SURVEYOR  GENERAL — CONCLUSIVENESS. 

A  certificate  of  the  surveyor  general  to  the  effect  that  $500  worth 
of  labor  has  been  expended  or  improvements  made  upon  or  for  the 
benefit  of  the  several  locations  by  the  owners  or  their  grantors,  the 
improvements  consistii^  of  two  discovery  shafts,  two  discovery  cuts, 
five  cuts,  nine  shafts,  and  a  drift  valued  at  $2,855,  as  required  by 
section  2325  of  the  Revised  Statutes  of  the  United  States,  is  not 
conclusive  upon  the  Land  Department  as  to  the  improvements  made, 
but  the  department  may  wholly  disregard  such  certificate  and  require 
further  showing  as  to  the  improvements  made  by  the  appUcant. 

Sheldon,  In  re,  43  Land  Dec,  152,  pp.  154-156,  February,  1914. 

CERTIFICATE  OF  SURVEYOR  GENERAL. 

Section  2325  of  the  Revised  Statutes  of  the  United  States  requires 
a  certificate  by  the  surveyor  general,  in  support  of  an  apphcation 
for  a  patent  to  a  mining  claim,  to  the  effect  that  $500  worth  of  labor 
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has  been  expended  or  improvements  made  upon  the  mining  claim 
sought  to  be  patented. 

Tacoma  &.  Roche  Harbor  Lime  Co.,  In  re,  43  Land  Dec.,  128,  p.  131,  February,  1914. 
LOCAL  LAWS — BEGULATIONS   IN  MINING  DISTRICTS. 

The  statute  of  Washington  (seo.  7371,  Remington  and  Ballinger's 
Annotated  Codes,  1910)  gives  a  TwiTimg  district  the  power  to  make 
road  building  to  mining  claims  applicable  as  assessment  work  or 
improvements  upon  the  claims,  and  directs  specificaUy  how  such 
regulations  may  be  enacted,  and  when  and  how  such  road  building 
shall  be  done,  and  provides  also  that  a  receipt  given  for  such  work 
shall  be  prima  facie  evidence  of  the  improvement;  and  a  locator  of  a 
mining  claim  claiming  the  benefits  of  the  provisions  of  this  statute 
must  show  that  his  mining  claim  lies  within  the  organized  district 
and  that  such  mining  district  has  compUed  with  the  requirements 
of  the  State  statute. 

Tacoma  d  Roche  Harbor  Lime  Co.,  In  re,  43  Land  Dec.,  128,  p.  131,  February,  1914. 

EXPENDmJBES   FOR  DRILL  HOLES. 

Expenditures  made  upon  drill  holes  placed  upon  a  lode  mining 
claim  in  good  faith  with  a  view  to  prospect  the  claim,  or  in  order  to 
secure  data  upon  which  further  development  work  may  be  per- 
formed, are  available  toward  meeting  the  statutory  provision  requir- 
ing an  expenditure  of  $500  as  a  basis  of  patent,  as  to  all  of  the  claims 
of  a  group  situated  in  close  proximity  to  the  common  improvement. 

£aj9t  Tintic  Min.  Co.,  In  re,  43  Land  Dec.,  79,  p.  83,  January,  1914. 

ABANDONMENT. 
WHAT   CONSTITUTES — INTENTION   AND   ACTT. 

Abandonment  as  applied  to  mining  claims  held  by  location  merely, 
takes  place  only  when  the  locator  volimtarily  leaves  his  claim  to  be 
appropriated  by  the  next  comer  without  any  intention  to  retake  or 
reclaim  it,  and  regardless  of  what  may  become  of  it  in  the  future. 

Shank  v.  Holmes  (Arizona),  137  Pacific,  871,  p.  875,  January,  1914. 

Abandonment  of  a  mining  claim  is  a  matter  of  intention,  and  when 
any  part  of  a  mining  claim  is  in  good  faith  abandoned  by  the  owner 
the  title  of  the  part  thus  abandoned  reverts  to  the  Government,  and 
abandonment  in  such  case  may  be  proved  by  the  acts  of  the  original 
owner  as  well  as  by  his  words  and  statements;  and  this  question 
apphes  especially  where  there  was  no  fraudulent  purpose  in  the 
abandonment. 

Emerson  v.  Akin  (Colorado  Appeals),  140  Pacific,  481,  p.  482,  April,  1914. 


86  GUBBEKT  DECISIONS  ON   MINES  AND  MINING. 

FOBFEITUBE. 
WHAT  CONSTITUTES. 

A  forfeiture  of  a  mining  claim  takes  place  by  operation  of  law 
without  regard  to  the  intention  of  the  locator  whenever  he  neglects 
to  preserve  his  right  by  complying  with  the  conditions  imposed  by 
law,  such  as  making  the  required  annual  expenditures  upon  the  claim 
within  the  statutory  period;  and  the  diJSference  between  abandonment 
and  forfeiture  is  that  the  former  involves  an  inquiry  of  fact  as  to  the 
intention  as  well  as  the  act,  while  the  latter  is  determined  by  the 
answer  to  the  question,  Has  the  required  expenditure  been  made  as 
the  law  commands  ? 

Shank  v.  Holmes  (Arizona),  137  Pacific,  871,  p.  875,  January,  1914. 

BEIiOCATION. 

RELOCATION   OF   ABANDONED   CLAIMS. 

The  locator  of  a  muiing  claim  on  the  public  domain  may  abandon 
such  claim,  or  he  may  abandon  a  part  thereof  and  subsequently 
make  a  valid  relocation  including  the  whole  or  a  part  of  such  aban- 
doned claim,  where  the  rights  of  third  persons  are  not  invaded  and 
where  the  abandonment  was  not  from  improper  motive,  such  as 
escaping  annual  assessment  work. 

Emerson  v.  Akin  (Colorado  Appeals),  140  Fiacific,  481,  p.  482,  April,  1914. 

POSSESSOBY  BIGHTS— FBOTECTION. 
EFFECT   OF  TRESPASS. 

A  locator  of  a  lode  mining  claim  can  not  be  deprived  of  his  posses- 
sory or  inchoate  rights  by  the  tortious  acts  of  another,  nor  can  an 
intruder  and  trespasser  initiate  any  rights  that  will  defeat  those  of 
a  prior  discoverer. 

Gobert  v.  Butterfield  (California),  136  Pacific,  516,  p.  517,  October,  1913. 

DI8COVEKY   AS   BASIS   OF   RIGHT. 

In  an  action  to  determine  the  title  and  right  of  possession  to  a  lode 
mining  claim,  and  where  it  is  contended  on  the  part  of  the  defendant 
that  there  had  been  no  sufficient  discovery  of  mineral  on  which  to 
make  a  mining  location  as  required  by  the  statute,  it  is  proper  to 
admit  testimony  tending  to  show  that  the  discovery  shaft  of  the 
adverse  claimant  did  not,  at  the  date  of  the  record  of  its  certificate, 
disclose  a  well-defined  crevice  vein  or  lode,  but  in  fact  disclosed  no 
mineral  of  any  kind  whatsoever  therein  at  a  depth  of  10  feet  from 
the  lowest  part  of  the  rim  at  the  surface,  and  to  show  the  effect  and 
value  of  assays  made;  nor  is  it  error  to  permit  the  jury  trying  the  case 
to  view  the  premises,  under  instructions  from  the  court  to  the  effect 
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that  the  evidence  must  be  considered  solely  on  the  question  as  to 
whether  there  was  mineral-bearing  rock  found  in  the  discovery  shaft. 

Specie  Payment  Gold  Min.  Co.  v.  Kirk  (Colorado),  139  Pacific,  21,  March,  1914. 
POSSESSORY   ACTION   OF  LOCATOR  TO  PROTECT  RIGHTS. 

A  person  in  possession  of  a  portion  of  the  public  domain  and 
claiming  title  thereto  under  a  placer  location  on  oil  lands  may  main- 
tain ejectment  against  a  mere  intruder  or  trespasser  entering  upon 
such  possession,  without  right  or  color  of  title,  though  the  plaintiff's 
location  may  be  invaUd. 

Little  Sespe  ConsoUdated  Oil  Co.  v.  Bacigalupi  (CaUfomia),  139  Pacific,  802,  p.  803, 
Uarch,  1914. 

INTRUDER   ACQUIRES   NO   RIGHTS. 

A  wrongful  intrusion  upon  a  portion  of  the  public  land  held  by 
another  as  a  mining  claim,  and  after  discovery  of  oil  thereon,  gives 
no  right  whatever  to  the  intruder  and  constitutes  him  a  naked  tres- 
passer, and  he  is  in  no  position  to  raise  any  issue  whatever  upon  the 
question  of  title  under  which  the  oil  claimant  holds  the  possession 
of  his  claim;  an  entry  on  such  a  claim  in  order  to  initiate  any  rights 
must  be  peaceable  and  in  good  faith. 

Little  Sespe  ConsoUdated  Oil  Co.  v.  Bacigalupi  (CaUfomia),  139  Pacific,  802,  p.  804, 
Match,  1914. 

CONDITIONS — ^PERFORMANCE   OF   ASSESSMENT   WORK. 

The  locator  of  a  mining  claim  has  the  exclusive  right  of  possession 
of  all  the  surface  included  within  the  exterior  limits  of  his  claim  so 
long  as  he  makes  the  improvements  or  does  the  annual  assessment 
work  required  by  section  2324  of  the  Revised  Statutes  of  the  United 
States. 

£1  Paso  Brick  Co.  t;.  McKnight,  233  U.  S.,  250,  p.  256,  April,  1914. 

ACQUIRING   FEE-SIMPLE   TITLE. 

The  defeasible  possessory  title  held  by  the  locator  of  a  mining 
claim  on  compUance  with  the  United  States  statutes  may,  by  pay- 
ment of  the  purchase  price  fixed  by  statute  (sec.  2325,  R.  S.)y  be 
converted  into  a  fee  simple. 

El  Pto)  Brick  Co.  v,  McKnight,  233  U.  S.,  250,  p.  256,  April,  1914. 

EFFECT   OF  LOCATION — ACQUIRING   ADVERSE   RIGHTS. 

Mineral  ground  covered  by  a  valid  location  is,  during  the  life  of 
the  location,  s^regated  and  not  open  to  location  by  another,  and 
until  such  location  is  terminated  by  abandonment  or  forfeiture  no 
right  or  claim  to  the  property  can  be  acquired  by  an  adverse  entry 
thereon  with  a  view  to  the  relocation  of  the  same  ground. 

Mason  v.  Waahington-Butte  Min.  Co.,  214  Fed.,  32,  p.  35,  May,  1914. 
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ABVEBSB  CLAIMS. 
FAILURE  TO  FILE — ^EFFECT. 

A  failiire  to  file  an  adverse  claim  within  the  time  fixed  by  Iai77 
operates  as  a  waiver  of  all  rights  that  were  the  proper  subject  of  such 
a  claim,  and  the  issuance  of  a  patent  on  a  regular  application  after 
due  notice  is  equivalent  to  a  determination  by  the  United  States  in 
an  adversary  proceeding,  to  which  the  owner  of  such  adverse  right 
is  in  contemplation  of  law  a  party,  that  the  applicant'a  and  patentee's 
rights  were  superior  and  those  which  might  have  been  asserted  by 
the  holder  of  the  adverse  title  were  valueless;  and  in  the  absence  of 
such  adverse  claim  all  matters  which  might  have  been  tried  under 
the  adverse  proceedings  are  treated  as  adjudicated  in  favor  of  the 
applicant,  and  all  controversies  touching  the  same  are  held  as  fully 
settled  and  disposed  of  as  though  judgment  had  been  regularly 
rendered  in  an  action  on  the  adverse  claim. 

Round  Mountain  Min.  Co.,  r.  Round  Mountain  Sphinx  Min.  Co.  (Nevada),  138 
Pacific,  71,  p.  73,  January,  1914. 

FAILURE   TO   FILE — SURFACE  CONFLICT. 

Where  there  is  any  surface  conflict  whatever  of  mining  claims  and 
there  is  a  failure  to  adverse  on  proper  appUcation  and  notice,  after 
patent  issues  to  the  appUcant,  the  question  of  priority  of  title  is 
conclusively  determined  in  favor  of  the  patentee. 

Round  Mountain  Min.  Co.  v.  Round  Mountain  Sphinx  Min.  Co.  (Nevada),  13S 
Piwific,  71,  p.  73,  January,  1914. 

FAILURE   TO   FILE — RIGHT  TO   PKOTEST. 

A  failure  to  assert  an  adverse  claim  or  right  will  not  estop  an 
advance  claimant  from  protesting  and  bringing  to  the  notice  of  the 
department  any  facts  that  tend  to  show  noncompliance  by  the 
applicant  with  the  requirements  of  the  law. 

Round  Mountain  Min.  Co.  v.  Round  Mountain  Sphinx  Min.  Co.  (Nevada),  138 
Pacific,  71,  p.  73,  January,  1914. 

FAILUBE   TO   ADVERSE — EFFECT  ON   RIGHTS. 

A  person  interested  in  a  mining  claim  whose  rights  are  affected 
by  an  application  for  a  patent  for  the  same  or  for  a  conflicting  claim 
who  fails  to  file  an  adverse  claim  or  fails  to  institute  adverse  proceed- 
ings after  filing  an  adverse  claim,  or  fails  to  protest  in  the  Land 
Office  against  the  issuance  of  a  patent,  can  not,  after  the  issuance 
of  a  patent  to  the  applicant,  be  heard  to  contest  a  question  of  fact 
upon  which  the  patent  is  based. 

Round  Mountain  Min.  Co.  v.  Round  Mountain  Sphinx  Min.  Co.  (Nevada),  138 
Pacific  ,  71,  p.  77,  January,  1914. 
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GOMMENGiaiBNT  OF  PROCEEDINGS — EFFECT  OF  JUDGMENT, 

Section  2326  of  the  United  States  Revised  Statutes  requires  an 
adverse  claimant  to  commence  proceedings  in  a  court  of  competent 
jurisdiction  to  determine  the  question  of  the  right  of  possession,  and 
declares  that  the  failure  to  do  so  shall  be  a  waiver  of  any  adverse 
claim,  and  also  requires  that  after  judgment  the  whole  proceedings 
and  the  judgment  shall  be  certified  to  the  Land  Office,  and  a  patent 
shall  issue  thereon  for  the  claim  or  such  portion  thereof  as  the  appli- 
cant shall  appear  from  the  judgment  to  be  entitled  to. 

MasoQ  9.  Waahington-Butte  Min.  Co.,  214  Fed.,  32,  35,  May,  1914. 

JtJKISDICTION  OF   COURT — QUESTIONS   DETERMINED. 

Section  2326  of  the  United  States  Revised  Statutes  gives  to  a  court 
of  competent  jurisdiction  the  power  to  determine  the  right  of  posses- 
sion between  adverse  claimants,  and  the  determination  of  such 
question  necessarily  involves  not  only  the  question  which  of  the 
adverse  claimants  was  prior  in  time  in  making  location,  and  whether 
the  location  was  made  in  compliance  with  the  law,  but  also  whether 
the  land  occupied  and  covered  by  the  location  was  subject  to  location 
in  the  manner  in  which  it  was  attempted  to  be  acquired. 

•    Mason  v.  Waahington-Butte  Min.  Co.,  214  Fed.,  32,  p.  36,  May,  1914. 

FORCE  AND  EFFECT  OF  JUDGMENT  OF  COURT. 

The  judgment  of  a  court  of  competent  jurisdiction  on  an  adverse 
claim  under  section  2326  of  the  United  States  Revised  Statutes 
governs  the  action  of  the  officers  of  the  Land  Department  in  deter- 
mining which  of  the  claimants  shall  have  a  patent  and  enables  the 
Land  Department  without  further  investigation  to  issue  a  patent  for 
the  land. 

Mason  v.  Waahington-Butte  Min.  Co.,  214  Fed.,  32,  p.  36,  May,  1914. 

WAIVER. 

There  is  no  diflference  in  legal  effect  between  waiving  an  adverse 
claim  on  the  part  of  an  adverse  claimant  by  a  transfer  to  the  appU- 
cant  of  the  interests  of  such  adverse  claimant  by  positive  action, 
or  the  transfer  of  such  interests  by  operation  of  law;  and  the  latter 
effect  results  where  the  defendant  to  a  proceedings  brought  by  the 
adverse  claimant  concedes  the  overlapping  as  alleged  by  the  plaintiff, 
the  adverse  claimant,  but  establishes  by  positive  proof  that  the 
alleged  overlapping  ground,  claimed  by  the  adverse  claimant,  was 
in  law  the  property  of  the  defendent,  the  original  appUcant  for 
patent,  as  in  such  case  the  plaintiff's  apparent  cause  of  action  ceases 
to  exist,  and  there  being  in  fact  no  conflict  of  interest,  and  the  plain- 
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tiff  having  no  cause  of  action,  a  judgment  dismissing  the  plaintiff's 
action  operates  as  a  determination  in  favor  of  the  defendant  and  is  in 
legal  effect  a  waiver  of  the  adverse  claim. 

Cuenin  v.  Chloride  Mi'n.  &  Proepecting  Co.  (Colorado),  141  P^Kdfic,  453,  p.  464, 
June,  1914. 

Section  2326  of  the  United  States  Revised  Statutes  provides  that 
where  an  adverse  claim  is  filed  during  the  period  of  publication  all 
proceedings,  except  the  publication  of  notice  and  making  and  filing 
of  the  affidavit  thereof,  shall  be  stayed  until  the  controversy  is  de- 
terxnined  by  a  court  of  competent  jurisdiction,  or  the  adverse  claim 
is  waived;  but  the  settlement  of  the  controversy  or  the  waiver  of  the 
adverse  claim  does  nor  necessarily  depend  upon  a  verdict  of  a  jury^ 
as  the  claim  may  be  waived  by  failure  to  file  it  within  the  statutory 
period,  or  by  a  voluntary  dismissal  of  it  in  the  Land  Office,  or  by  a 
transfer  to  the  applicant  of  the  interests  of  the  adverse  claimant, 
or  by  dismissal  of  the  action  instituted  in  support  of  such  adverse 
claim. 

Cuenin  v.  Chloride  Min.  &  Prospecting  Co.  (Colorado),  141  Pacific,  463,  p.  464, 
June,  1914. 

PLACB&  CLAIMS. 
SUFFICIENCY  OF  DISCOVEKY — FRAUDULENT  ENTRY. 

• 

In  an  action  by  the  United  States  to  have  canceled  a  patent  issued 
for  a  placer  mining  claim,  the  finding  of  the  court  will  be  sustained 
where  no  sufficient  discovery  of  mineral  was  found  to  support  the 
claim,  and  where  the  facts  tend  to  show  that  the  land  was  entered 
for  the  fraudulent  purpose  of  securing  control  of  valuable  water 
power  and  incidentally  to  use  the  lands  covered  by  the  placer  claim 
for  raising  fruits,  and  where  it  was  shown  that  for  a  period  of  several 
years  no  mining  was  actually  done  on  the  claim,  and  that  after  the 
issuance  of  the  patent  all  exploitation  of  the  claim  as  placer  ground 
was  abandoned  and  the  articles  of  incoiporation  of  the  mining 
company  were  amended  so  as  to  give  the  mining  company  other 
powers  than  that  of  mining,  clearly  indicating  that  the  original 
purpose  of  location  was  not  a  mining  claim  but  the  development  of 
water  power,  the  distribution  of  water  for  irrigation,  and  the  manu- 
facture of  electricity. 

Multnomah  Min.  Mill.,  etc.,  Co.  v.  United  States,  211  Fed.,  100,  p.  101,  January, 
1914. 

LOCATION  OF  LODE    WITHIN   PLACER  LIMITS. 

The  fact  that  a  mineral  lode  location  was  made  within  the  limits 
of  a  placer  mining  claim  is  not  of  itself  proof  that  the  ground  so  lo- 
cated contained  a  vein  or  lode  within  the  meaning  of  section  2333 
of  the  Revised  Statutes  of  the  United  States;  nor  is  it  proof  that  the 
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aDeged  vein  or  lode  was  known  to  exist  at  the  time  of  the  placer 
location ;  and  a  lode  or  vein  known  to  exist  within  the  limits  of  a  placer 
location  so  as  to  exclude  it  from  the  placer  patent  must  be  one  which 
contains  mineral  to  such  extent  and  value  as  to  justify  expenditures 
for  the  purpose  of  extracting  it. 

Thomafl  v.  South  Butte  Min.  Co.,  211  Fed.,  105,  p.  107,  February,  1914. 

CONVEYANCE   OF  VEINS   OB  LODES. 

A  patent  to  a  placer  claim  conveys  all  the  mineral  therein  including 
veins  or  lodes  not  known  to  exist  at  the  time  of  the  application  for 
patent,  and  the  introduction  in  evidence  of  such  a  patent  establishes 
prima  facie  title  to  all  the  lands  described  therein  including  all  ores 
and  minerals  within  the  boundaries  thereof. 

Thomas  v.  South  Butte  Mm.  Co.,  211  Fed,  105,  p.  107,  February,  1914. 

ADJUDICATION  BY  COUET — EFFECT  ON  LODE  LOCATION. 

A  judgment  in  favor  of  a  placer  applicant  in  adverse  proceedings 
instituted  by  the  locator  of  a  lode  claim  establishes  as  between  the 
parties  that  the  lode  location  was  not  a  valid  subsisting  location  such 
as  was  efficient  to  s^regate  the  land  covered  thereby  from  the  pubUc 
domain  and  to  exclude  the  same  from  the  land  covered  by  the  placer 
claim;  but  the  Government  is  not  boimd  by  such  a  judgment  further 
than  it  has  declared  that  it  will  accept  such  a  judgment  as  conclusive 
of  the  right  of  possession  as  between  contending  claimants,  and  such 
a  judgment  goes  no  further  than  to  end  the  contest  between  the  par- 
ties and  detemune  the  right  of  possession,  leaving  the  appUcant  to 
make  the  proof  required  by  law  to  entitle  him  to  a  patent.  But  the 
judgment  does  not  determine  that  there  were  not,  within  the  ground 
covered  by  the  placer  claim,  veins  or  lodes  known  to  exist  at  the  time 
of  the  application  for  the  patent,  nor  does  it  settle  the  question  of 
the  validity  of  subsequent  locations,  the  rights  whereof  depend  on 
whether  at  the  time  of  the  application  for  placer  patent  there  were 
known  veins  and  lodes  such  as  to  be  excluded  from  the  patent. 

Mason  v.  Waahiugton-Butte  Min.  Co.,  214  Fed.,  32,  p.  36,  May,  1914. 

COAL  LOCATIONS. 
PURCHASE — PRICE   AND   QUANTITY. 

Coal  lands  within  railroad  Umits  must  be  sold  for  $20  an  acre, 
and  a  coal  company  can  not  purchase  directly  or  indirectly  through 
others  more  than  320  acres  unless  it  expended  $5,000  in  opening  and 
improving  a  mine,  and  in  that  event  the  maximum  is  640  acres. 

Diamond  Coal  Ck>.  v.  United  States,  233  U.  S.,  236,  p.  241,  April,  1914. 
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COAL   CHARACTER — CHARACTER  OP  ADJACENT   LANDS. 

There  is  no  fixed  rule  that  lands  become  valuable  for  coal  only 
through  the  discovery  of  coal  within  their  boundaries;  but  on  the  con- 
trary they  may  and  often  do  become  valuable  for  coal  through  adja- 
cent discoveries  and  other  surroundings  and  external  conditions: 
and  in  an  application  to  purchase  lands  in  coal  r^ions  any  evidence 
logically  relevant  to  the  issue  is  admissible,  due  r^ard  being  had  to 
the  time  to  which  it  must  relate. 

Diamond  Coal  Co.  v.  United  States,  233  U.  S.,  236,  p.  249,  April,  1914. 

RESTRICTED   PATENT. 

Where  upon  a  nonmineral  entry  it  is  shown  by  ex  parte  affidavits 
that  the  land  is  coal  in  character  and  the  entryman  declines  to  take 
a  restricted  patent  imder  the  act  of  March  3,  1909  (35  Stat.,  844), 
the  character  of  the  land  should  not  be  adjudicated  upon  the  ex 
parte  affidavits,  but  a  hearing  should  be  ordered  with  respect  to 
the  character  of  the  land. 

Hindman,  In  re,  43  Land  Dec,  191,  p.  192,  March,  1914. 

PATENTS. 
JURISDICTION   OF   LAND  DEPARTMENT. 

When  a  patent  for  a  mining  claim  is  issued  the  functions  of  the  Land 
Department  terminate,  as  this  is  the  culmination  of  the  proceeding 
in  rem  and  the  final  judgment  of  the  tribunal  specially  charged  with 
passing  the  Government  title,  and  with  the  title  passes  all  authority 
or  control  of  the  executive  department  over  the  land  and  over  the 
title  which  it  conveys. 

Round  Mountain  Min.  Co.  v.  Round  Mountain  Sphinx  Min.  Co.    (Nevada),  138 
Pacific,  71,  p.  73,  January,  1914. 

The  Land  Department  is  a  tribunal  appointed  by  Congress  to  de- 
cide certain  questions  relating  to  the  pubUc  lands,  and  its  decisions 
upon  matters  of  fact  cognizable  by  it,  in  the  absence  of  fraud  or 
imposition,  is  conclusive,  and  the  rule  relates  to  its  jurisdiction  over 
mining  claims. 

Round  Mountain  Min.  Co.  v.  Round  Mountain  Sphinx  Min.  Co.  (Nevada),  138 
Pacific,  71,  p.  73,  January,  1914. 

APPLICATION    FOR   PATENT — CANCELLATION   OF    ENTRY — EFFECT. 

The  decision  of  the  Land  Office  in  canceling  an  entry  on  an  appli- 
cation for  a  patent  for  a  mining  claim  is  binding  upon  the  courts 
and  is  conclusive  that  the  entryman  failed  to  meet  all  the  statutory 
requirements,  and  adjudicates  the  fact  that  the  entryman  obtained 
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DO  title  by  his  entry  and  the  cancellation  deprives  him  of  the  abiUty 
to  claim  any  right  under  his  receipt ;  and  the  mere  fact  that  the  amomit 
of  money  sufficient  to  purchase  the  mining  claim  remains  on  deposit 
after  the  entry  was  canceled  gives  the  applicant  no  equitable  rights 
to  the  ground  he  desired  to  purchase  with  the  money,  nor  would  the 
fact  that  the  applicant  procured  an  official  survey  to  be  made  of  the 
ground  alone  create  any  title  thereto  in  the  applicant. 

Slumk  V.  Holmes  (Arizona),  137  Pacific,  871,  p.  875.  January,  1914. 

APPLICATION — PUBLICATION   OF   NOTICE. 

On  an  apphcation  for  a  patent  for  a  mining  claim  the  apphcant 
must  give  60  days'  notice  in  order  to  afford  all  persons  having  any 
adverse  claims  an  opportunity  to  be  heard,  and  the  notice  is  threefold 
and  must  be  given  by  pubhcation  in  the  nearest  newspaper,  desig- 
nated by  the  register,  by  posting  on  the  land  itself,  and  in  the  land 
office,  and  proof  of  posting  on  the  claim  must  be  proved  by  the 
affidavit  of  two  persons  before  an  officer  residii^  within  the  land 
district.  In  the  absence  of  an  adverse  claim  filed  within  the  statutory 
period  it  shall  be  assumed  that  the  applicant  is  entitled  to  patent 
upon  the  payment  of  the  proper  price  and  that  no  adverse  claim  exists. 

El  Paao  Brick  Co.  v.  McKnight,  233  U.  S.,  250,  p.  256,  April,  1914. 

APPLICATION — PAYMENT   OF  PRICE — EFFECT   AND   RIGHTS. 

Where  the  locator  of  a  mining  claim  makes  application  for  patent, 
posts  and  publishes  the  notices  as  required,  makes  proper  proof 
thereof,  and  pays  the  purchase  price  of  the  land,  he  is  entitled  to  a 
final  receipt,  and  where  such  receipt  is  issued  the  entry  by  the  local 
land  officer  is  in  the  nature  of  judgment  in  rem  and  determines  the 
validity  of  the  original  location  and  that  everything  necessary  to 
keep  it  in  force,  including  the  annual  assessment  work,  has  been 
done  and  that  no  adverse  claim  exists  and  that  the  applicant  is 
entitled  to  a  patent;  and  in  such  case  the  applicant  holds  under  an 
equitable  title  and  is  to  be  treated  as  though  patent  had  been  actually 
delivered. 

El  Paeo  Brick  Co.  v.  McKnight,  233  U.  8.,  250,  p.  257,  April,  1914. 
APPLICATION — INSUFFICIENT   PROOF — CANCELLATION    OF   ENTRY. 

An  entry  duly  made  on  an  apphcation  for  patent  for  a  mining 
claim  where  the  apphcant  shows  due  comphance  with  all  the  statu- 
tory requirements,  including  the  performance  of  assessment  work 
and  the  proper  pubhcation  and  posting  of  notice,  the  payment  of  the 
price,  and  issue  of  the  final  receipt,  can  not  be  canceled  by  the  Land 
Department  and  the  claim  made  subject  to  relocation  solely  for  the 
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reason  that  the  affidavit  in  proof  of  posting  the  notice  on  the  claim 
was  made  before  an  officer  residing  outside  of  the  land  district,  as 
such  irr^ularity  did  not  render  the  patent  proceedings  void  and  the 
Land  Department  acquired  jurisdiction  upon  giving  notice  of  publi- 
cation in  the  newspaper,  by  posting  in  the  land  office,  ajnd  by  posting 
on  the  land  itself,  ajad  the  irregularity  in  complying  with  the  mere 
directory  provision  as  to  the  proof,  could  be  cured,  ajad  on  being 
cured  the  patent  could  issue,  ajad  the  cancellation  of  the  entry  being 
based  on  an  error  of  law,  did  not  operate  to  deprive  the  appUcant  of 
its  property  in  the  mining  claim,  nor  did  the  fact  that  the  applicant 
instituted  new  proceedings  in  order  to  secure  patent,  destroy  the 
rights  with  which  he  had  become  invested  by  full  compliance  with 
the  requirements  of  the  statute. 

El  Paflo  Brick  Co.  v.  McKnight,  233  U,  S.,  250,  p.  238,  April,  1914. 

CANCELLATION   OF   ENTET— RECEIVER'S   RECEIPT. 

The  cancellation  of  an  entry  or  of  the  receiver's  leceipt  is,  like  its 
issuance,  a  mere  incident  in  the  proceedings  prescribed  for  procuring 
title  from  the  Government;  and  while  the  receiver's  receipt  when  in. 
force  is  evidence  of  compliance  with  preliminary  patent  conditions, 
yet  its  revocation  or  cancellation  and  nothing  more,  of  itself,  does  not 
evidence  either  the  forfeiture  or  relinquishment  of  the  location  made 
by  the  applicant,  and  it  has  no  necessary  connection  either  with 
the  segregation  of  the  land  from  the  public  domain  or  its  restoration 
thereto. 

Shank  v.  Holmes  (Arizona),  137  Pacific,  871,  p.  875,  January,  1914. 

SECOND  APPLICATION    AFTER   CANCELLATION   OF   ENTRY. 

The  locator  of  a  mining  claim  who  makes  a  second  application  for 
patent  after  a  cancellation  of  the  entry  on  his  former  application 
thereby  accepts  and  acquiesces  in  the  decision  of  the  General  Land 
Office  canceling  his  former  entry,  and  from  the  date  of  such  cancel- 
lation the  applicant's  right  to  the  possession*  of  the  ground  located 
depends  upon  the  location  and  the  rights  arising  therefrom  imder 
the  laws  pertaining  thereto,  without  reference  to  the  former  appli- 
cation and  entry. 

Shank  v.  Holmes  (Arizona),  137  Pacific,  871,  p.  875,  January,  1914. 

EFFECT   AND   CONCLUSIVENESS. 

A  patent  for  a  mining  claim  is  the  highest  evidence  of  title  and  is 
conclusive  against  the  Government  and  all  persons  claiming  under 
junior  patents  or  titles,  imtil  set  aside  and  annulled,  and  it  is  not  open 
to  collateral  attack. 

Hound  Mountain  Min.  Co.  v.  Round  Mountain  Sphinx  Min.  Co.  (Nevada),  138 
Pacific,  71,  p.  73,  January,  1914. 
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EFFECT — SECOND   GRANT. 

The  Government  having  issued  a  patent  for  a  miTiing  claim  can 
not  by  the  authority  of  its  own  officers  invalidate  such  patent  by 
the  issuing  of  a  second  one  for  the  same  property. 

Roimd  Mountain  Min.  Co.  v.  Round  Mountain  Sphinx  Min.  Co.  (Nevada),  13& 
Pacific,  71,  p.  73,  January,  1914. 

EFFECT  AND  CONCLUSIVENESS. 

A  patent  for  a  mining  claim  is  conclusive  evidence  that  all  antecedent 
steps  necessary  to  its  issuance  have  been  properly  and  legally  taken 
and  is  likewise  conclusive  evidence  of  the  citizenship  and  qualifica' 
tion  of  the  patentee  and  that  the  matters  which  might  have  been  the 
subject  of  an  adverse  claim  have  been  conclusively  adjudicated  in 
favor  of  the  patentee. 

Round  Mountain  Min.  Co.  v.  Round  Mountain  Sphinx  Min.  Co.  (Nevada),  13S 
Pacific,  71,  p.  73,  January,  1914. 

EFFECT  IN  CASE  OF  SURFACE  CONFLICT. 

The  issuance  by  the  Gk>vemment  of  a  patent  for  a  mining  claim^ 
on  proper  application  and  after  due  notice,  conclusively  determines^ 
as  against  everyone  whose  surface  lines  conflict  with  the  claim  em- 
braced  in  the  application,  the  priority  of  the  location  described  in 
the  application  over  all  other  locations,  and  confers  upon  the  patentees 
and  their  successors  in  interest  the  entire  surface  of  the  claim,  as 
gainst  every  other  one  whose  surface  lines  conflict  with  that  of  the 
claim  described,  together  with  the  extralateral  rights  conferred  by 
section  2322  of  the  Revised  Statutes;  but  conflicts  in  respect  to 
extralateral  rights  growing  out  of  locations  whose  surfaces  do  not 
conflict,  and  which  are  therefore  beyond  the  purview  of  the  pro- 
ceedings in  the  Land  Department,  are  matters  solely  for  the  deter- 
mination of  the  courts  when  subsequently  arising. 

Round  Mountain  Min.  Co.  v.  Round  Mountain  Sphinx  Min.  Co.  (Nevada),  13S 
Pteific,  71,  p.  73,  January,  1914. 

OBOtTPED  CLAIMS   IN   SINGLE  PATENT — CONFLICT  AREAS. 

On  application  for  patent  for  a  group  of  several  mining  claims  the 
Land  Department  necessarily  adjudicates  and  determines  the  priori- 
ties in  case  of  surface  conflict,  and  does  not  leave  such  question  for 
subsequent  determination  by  courts,  as  it  was  not  the  intention  of 
Congress  or  the  Land  Department  to  leave  such  questions  unsettled 
after  patent,  as  evidenced  by  the  rule  requiring  the  field  notes  of  the 
mineral  surveyor  to  state  the  conflict  in  connection  with  the  location 
from  which  the  conflictii^  area  is  excluded;  and  a  patent  to  a  group 
of  ipiniTig  claims  does  not  merely  describe  the  exterior  boundaries  of 
the  land  which  is  embraced  by  the  group,  but  describes  each  location 
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and  each  embraces  a  separate  portion  of  the  grant  to  the  exclusion 
of  every  other  claim,  the  same  as  if  a  separate  patent  issued  for  each 
particular  location. 

Round  Mountain  Min.  Co.  v.  Bound  Mountain  Sphinx  Min.  Go.  (Nevada),  138 
PacifiCi  71,  p.  77,  January,  1914. 

EFFECT  ON   CONFLICT  GROUND — PRESUMPTION. 

When  a  patent  for  a  mining  claim  shows  a  conflict  but  fails  to  men- 
tion any  exclusion  of  conflict  area,  although  the  total  area  described 
shows  that  an  exclusion  had  in  fact  been  made,  it  must  be  presumed 
that  the  exclusion  was  made  in  favor  of  the  claim  the  discovery  point 
of  which  lay  within  the  conflict  territoiy  as  this  is  necessary  to  its 
validity. 

Round  Moiintain  Min.  Co.  v.  Round  Mountain  Sphinx  Min.  Co.  (Nevada),  138 
Pacific,  71,  p.  74,  Janiuiry,  1914. 

NONCONTIGUOUS  CLAIMS. 

The  Land  Office  now  issues  patents  for  noncontiguous  pieces  of 
ground  embraced  in  the  same  mining  claim,  though  separated  by  a 
prior  location,  and  the  granting  of  such  a  patent  does  not  necessarily 
determine  the  invalidity  of  such  intervening  location. 

Round  Mountain  Min.  Co.  v.  Round  Mountain  Sphinx  Min.  Co.  (Nevada),  138 
Pacific,  71,  p.  77,  January,  1914. 

COLLATERAL  ATTACK. 

A  patent  to  a  mining  claim  may  be  collaterally  impeached  in  any 
action  and  its  operation  as  a  conveyance  defeated  by  showing  that 
the  department  had  no  jusridiction  to  dispose  of  the  land,  either  by 
proof  that  the  law  did  not  provide  for  selling  such  lands,  or  that  they 
had  been  reserved  from  sale,  or  dedicated  to  special  service  or  had 
been  previously  conveyed  to  them. 

Round  Mountain  Min.  Co.  t;.  Round  Mountain  Sphinx  Min.  Co.  (Nevada),  138 
Pacific,  71,  p.  73,  January,  1914. 

ACTION  TO   CANCEL — BURDEN  OF  PROOF. 

Tlie  respect  due  to  a  patent  for  mining  claim  and  the  presumption 
that  all  the  preceding  steps  required  by  law  were  duly  observed,  and 
the  obvious  necessity  for  stability  in  titles  resting  upon  patents, 
require  that  in  a  suit  to  cancel  any  such  patent  the  Government 
shall  bear  the  burden  of  proof  and  shall  sustain  it  by  that  class  of 
evidence  which  commands  respect  and  that  amoimt  of  it  which 
produces  conviction. 

Diamond  Coal  Co.  v.  United  States,  233  U.  S.,  236,  p.  239,  April,  1914. 
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FRAUDULENT  PROGX7REMENT — CANCELLATION. 

A  patent-  to  a  mining  claim  secured  by  fraudulent  practices,  al* 
though  not  void  or  subject  to  collateral  attack,  is  nevertheless  void* 
able  and  may  be  annulled  in  a  suit  by  the  Unit^  States  Qovemment 
against  the  patentee  or  a  purchaser  with  notice  of  the  fraud. 

Diamond  Coal  Co.  v.  United  States,  233  U.  S.,  236,  p.  239,  April,  1914. 

FRAUDULENT  REPRESENTATION  AS  TO  BONERAL  CHARACTER  OF  LAND — • 

CANCELLATION. 

To  justify  the  annulment  of  a  homestead  patent  as  wrongfuUy 
covering  mineral  land,  it  must  be  made  to  appear  that  at  the  time 
of  the  proceedings  which  resulted  in  the  patent  the  land  was  known 
to  be  valuable  for  mineral,  and  this  means  that  it  must  be  made  to 
appear  that  the  known  conditions  at  the  time  of  such  proceedings 
were  plainly  such  as  to  engender  the  belief  that  the  land  contained 
deposits  of  such  quality  and  in  such  quantity  as  would  render  their 
extraction  profitable  and  justify  expenditures  to  that  end;  and  the 
inquiry  must  be  directed  to  the  situation  at  that  time  and  if  the  proofs 
offered  were  not  false  then,  they  can  not  be  condemned  nor  the  good 
f&ith  of  the  applicant  impugned,  by  reason  of  any  subsequent  changes 
in  the  conditions. 

Diamond  Coal  Co.  v.  United  States,  233  U.  S.,  236,  p.  239,  April,  1914. 
CANCELLATION   OF  PATENT — FRAUD ^PROOF. 

In  an  action  to  cancel  a  patent  to  coal  lands  on  the  ground  of  fraud 
it  is  proper  to  show  that  for  many  years  the  district  in  which  the  lands 
were  situated  had  been  known  to  contain  coal  and  that  an  outcrop 
of  coal  on  adjacent  lands  had  been  opened  at  different  places  dis- 
closing a  coal  bed  from  6  to  14  feet  in  thickness  containing  coal  of 
superior  quality  and  recognized  commercial  value,  and  that  the  dip 
of  the  coal  vein  was  in  the  direction  of  the  land  in  controversy,  the 
farthest  section  of  the  land  being  about  a  mile  and  a  half  away  from 
such  outcrops  of  coal,  and  unless  valuable  for  coal  the  lands  were  not 
worth  more  than  $1 .25  an  acre,  being  arid,  sagebrush  land,  some  7,000 
feet  above  sea  level,  without  irrigation,  and  of  Uttle  value  for  agri- 
culture; it  is  also  proper  to  show  as  evidencing  the  good  faith  of  the 
mining  corporation  seeking  to  obtain  title,  that  the  corporation  had 
by  the  payment  of  large  sums  procured  its  officers  and  employees  to 
make  entries  of  different  parts  of  the  land,  the  entries  subsequently 
being  canceled  and  the  same  person  immediately  applied  to  enter 
the  lands  under  soldiers'  additional  rights,  and  that  the  mining  cor- 
poration had  in  its  various  dealings  with  its  employees  and  dummies 
expended  at  least  $10  per  acre  in  its  attempt  to  acquire  lands  and  that 
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it  had  from  its  operations  of  lands  in  the  immediate  vicinity  in  the 
three  years  preceding  obtained  about  885,000  tons  of  coal. 

Diamond  Coal  Co.  v.  United  States,  233  U.  S.,  236,  p.  241-248,  AprO,  1914. 
CANCELLATION   OF  ENTRY   ERRONEOUSLY   ALLOWED — REPAYBiENT. 

Section  1  of  the  act  of  March  26,  1908  (35  Stat.,  48),  provides 
that  where  purchase  money  and  commissions  paid  under  any  public 
land  law  have  been  paid  into  the  Treasury  under  any  application  for 
location  or  entry,  such  purchase  money  shall  be  repaid  to  the  applicant 
in  all  cases  where  the  application,  entry,  or  proof  has  been  rejected; 
and  in  the  absence  of  fraud,  under  this  act  payment  made  may  be 
refunded  to  an  applicant,  though  repayment  had  been  denied  under 
the  act  of  June  16,  1880  (21  Stat.,  287),  as  the  purpose  of  the  later 
act  was  to  return  to  disappointed  purchasers  of  public  lands  their 
piu'chase  money  in  all  cases  where  they  failed  to  acquire  title  and 
had  been  guilty  of  no  fraud  in  connection  with  their  applications  to 
purchase. 

Cumberland  Min.  &  Smelting  Co.,  In  re,  43  Land  Dec.,  183,  p.  1S4,  March,  1914. 

PATENT   INCLUDES   VEINS  OR  LODES. 

A  patent  to  a  placer  claim  conveys  all  minerals  within  the  claim 
including  veins  or  lodes  not  known  to  exist  at  the  time  of  the  applica- 
tion for  the  patent,  and  such  a  patent  establishes  prima  facia  title 
to  all  the  land  therein  described  and  all  ores  and  minerals  lying 
within  the  boundaries  thereof. 

Mason  v.  Washington-Butte  Min.  Co.,  214  Fed.,  32,  p.  34,  May,  1914. 

STATUTES  RELATING  TO  MINING  OPERATIONS. 

CONSTBTJGTION  AND  VALIDITY. 
PURPOSE   OP  STATUTE — PROTECTION   OF  MINERS. 

Section  1016,  of  the  Alabama  Code  of  1907  requiring  the  operator 
of  every  coal  mine  to  maintain  ample  means  of  ventilation  is  designed 
for  the  purpose  of  protecting  human  life  and  should  be  so  construed 
as  to  effectuate  the  legislative  intent,  and  this  section  should  not  be 
so  whittled  down  as  to  make  it  the  imperative  duty  of  the  operator 
to  supply  only  the  means,  but  should  be  so  construed  as  to  require 
that  the  operator  keep  his  mine  harmless  from  noxious  gases  gener- 
ated therein. 

Walker  v.  Binningham  Coal  &  lion  Co.  (Alabama),  63  Southern,  1012,  p.  1013, 
December,  1913. 

PURPOSE  OF  STATUTE — PROTECTION  OF  INFANTS. 

In  1897  the  legislature  of  Alabama  passed  an  act  entitled  ''An 
act  to  regulate  the  mining  of  coal  in  Alabama/'  and  section  27  of  the 
act  provides  that  no  woman  shall  be  employed  to  work  or  labor  in 
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or  about  the  mines  in  the  State,  or  any  boy  under  the  age  of  12  years 
be  so  employed;  and  the  Code  of  1907  (sec.  1035)  provides  that  no 
woman  or  boy  under  the  age  of  14  years  shall  be  employed  to  work 
or  labor  in  or  about  any  mine  in  the  State;  and  this  change  in  the 
legislative  expression  manifests  a  legislative  intent  to  subject  to 
the  inhibition  of  the  statute  every  mine  in  the  State  and  not  to  limit 
the  prohibition  to  coal  mines,  as  expressed  in  the  title  of  the  act  of 
1897,  and  as  these  statutes  were  intended  to  protect  women  and  chil- 
dren of  tender  i^e  from  incurring  the  hazard  and  danger  incident  to 
the  operation  of  mines  by  imperatively  preventing  their  employment, 
it  should  be  liberally  construed  so  as  to  effectuate  the  humane  inten- 
tion of  the  legislature  and  the  courts  should  not  get  in  its  way  or 
whittle  it  down;  and  the  word  ''any"  used  in  the  section  of  the  Code 
must  be  given  its  usual  and  ordinary  signification,  and  be  held  to 
mean  all  or  every  mine,  and,  thus  construed,  the  prohibition  apphes 
to  all  mines  of  whatever  kind  or  character  in  the  State,  and  the  later 
section  raises  the  age  of  boys  from  12  to  14  years,  and  therefore  the 
employment  by  a  mine  operator  of  a  boy  under  14  years  of  age  to 
work  in  a  mine  is  a  positive  violation  of  this  Code  section  and  renders 
the  employer  Uable  for  injury  or  death  of  such  a  boy. 

Cole  V,  Slo8B>Sheifield  Steel  &  Iron  Co.  (Alabama),  65  Southern,  177,  p.  178,  May, 
1914. 

RETROACTIVE   EFFECT. 

Section  8536  of  the  revised  codes  of  Montana  did  not  create  any 
right  of  action  or  destroy  any  defense  available  at  the  time  of  its 
enactment. 

Ifaionen  v.  Anaconda  Copper  Co.  (Montana),  136  Pacific,  968,  p.  969,  November, 
1913. 

APPLICATION  TO   ENTRIES. 

Section  6871  of  the  revised  statutes  of  Ohio  imposes  upon  every 
miner  under  penalty  the  duty  of  securely  propping  the  roof  of  the 
working  places  imder  his  control,  but  tlus  statute  does  not  apply 
to  entries  as  distinguished  from  the  miners'  working  place,  and 
notwithstanding  the  statute  it  is  the  duty  of  the  mine  owner  or 
operator  to  furnish  reasonably  safe  entries  for  ingress  and  egress  and 
miners  may  presume  that  this  duty  has  been  performed. 

Daaher  v.  Hocking  Min.  Co.,  212  Fed.,  628,  p.  629,  April,  1914. 

APPLICATION   TO   CLASSES   OP  MINERS. 

Sections  3983  and  3984  of  the  revised  laws  of  1910  of  Oklahoma 
prescribe  certain  duties  of  mine  operators  toward  employees,  includ- 
ing among  others  the  duty  of  daily  inspection,  and  the  requirements 
of  these  sections  apply  to  the  operators  of  lead  and  zinc  as  well  as  to 
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those  of  coal  mines,  as  it  can  not  be  assumed  that  the  intent  of  the 
legislature  was  to  provide  with  such  minute  care  for  the  protection  of 
workers  in  coal  mmes  and  to  leave  similar  workers  in  lead  and  zinc 
mines  without  any  protection  whatever. 

Big  Jack  Min.  Co.  r.  Parkinson  (Oklahoma),  137  Pacific,  678,  p.  680,  December, 
1913. 

MINE   OWNER   NOT  AN   INSURER   AGAINST   MINE    EXPLOSION. 

Section  1016  of  the  Alabama  Code  of  1907  requires  the  operator 
of  every  coal  mine  to  maintain  ample  means  of  ventilation  to  an 
extent  that  will  dilute,  cany  off,  and  render  harmless  the  noxious 
gases  generated  in  the  mine,  and  the  section  applies  only  to  noxious 
gases  generated  in  the  mine  and  is  intended  to  require  the  operator 
to  fan  it  out,  or  to  so  ventilate  the  mine  as  to  prevent  all  harmful 
t*esults  from  such  noxious  gas ;  but  the  statute  does  not  make  the  mine 
owner  an  insurer  imder  any  and  all  conditions  against  mine  explo- 
sions or  make  him  liable  for  certain  unavoidable  accidents,  but  it  is 
confined  to  injuries  resulting  from  harmful  and  noxious  gases  gen- 
erated in  the  mine,  but  does  not  make  him  an  insurer  against  gas  not 
generated  in  the  mine,  which  is  released  or  enters  therein  from  its 
natural  state  by  moving  the  layers  of  coal  which  held  it  in  the  gas 
pockets;  and  in  this  respect  the  act  of  1907  differs  from  the  act  of  1911 
as  the  latter  act  evidently  makes  a  distinction  between  noxious  and 
explosive  gases  and  includes  both. 

Walker  v.  Birmingham  Coal  &  Iron  Co.  (Alabama),  63  Southern,  1012,  p.  1013, 
December,  1913. 

STATUS  OF  MINE   CHANGED. 

The  statute  of  Pennsylvania  (Laws,  p.  78)  applies  to  mines 
employing  more  than  10  men  in  any  one  period  of  24  hours,  and  in  an 
action  by  a  miner  for  injuries  caused  by  an  alleged  violation  of  a 
statutory  regulation,  where  the  evidence  shows  that  at  the  time  of 
the  construction  of  an  entry  at  some  time  previous  to  the  accident, 
some  12  to  13  men  in  each  24  hours  were  employed  in  the  mine,  is 
BufTicient  to  show  that  the  mine  was  within  the  statutory  class  at  the 
time  of  the  accident,  for  the  reason  that  after  the  mine  is  once 
brought  within  the  act  it  is  presumed  to  remain  there  until  something 
affirmatively  appears  to  the  contrary. 

Smith  V.  Stoner  (Pennsylvania),  89  Atlantic,  795,  p.  796,  January,  1914. 

ACTION   FOR   WRONGFUL  DEATH. 

The  statute  of  Illinois  (Laws  1899,  p.  300)  applies  to  employer  and 
employee  in  mining  coal  and  gives  another  remedy  for  damages 
applicable  only  to  persons  engaged  in  mining  coal,  in  which  the 
liability  of  the  employer  rests  upon  different  groimds  from  that  of 
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employers  in  other  lines  of  employment;  and  if  in  such  case  the 
death  of  a  miner  is  occasioned  by  any  willful  violation  of  the  require^ 
ments  of  the  act,  the  miner  is  exempted  from  the  obligations  to  exer- 
cise care  for  his  own  safety,  and  the  statutory  action  may  be  main-* 
tained  although  there  was  a  want  of  such  care. 

McFadden  v,  St.  Pbul  Goal  Co.  (Illinois),  105  Northeastern,  314,  p.  315,  June,  19U« 
ADOPTION  OF  ACT   BT  EMFLOTEB  AND  NOT   BT   EMPLOYEE. 

In  an  action  by  a  miner  against  a  mine  operator  to  recover  dam^ 
ages  for  injuries  alleged  to  have  been  sustained  by  him  while  working 
in  a  coal  mine  on  the  alleged  ground  of  negligence  for  failure  to 
furnish  a  safe  working  place,  if  the  employer  and  the  employee  both 
accepted  the  provisions  of  the  workmen's  compensation  act  of 
Illinois  (Laws,  1911,  p.  314),  the  relation  is  one  of  contract,  of  which, 
contract  the  law  is  a  part;  but  if  either  elects  not  to  come  under  the 
law  and  so  notifies  the  proper  authorities,  then  there  is  no  such 
contract;  and  in  such  case  if  the  mine  operator  has  exercised  the 
right  of  election  and  refused  the  benefits  of  the  act,  then  the  miner 
seeking  redress  for  the  injuries  sustained  is  not  bound  by  such  con-* 
tractual  relation,  and  he  is  not  limited  in  his  recovery  to  the  com<^ 
pensation  provided  by  the  act,  but  in  such  case  the  parties  are  re^ 
mitted  to  their  action  at  law  and  are  governed  in  all  respects  by  the 
rules  and  principles  of  law  applicable  to  such  actions  except  as  to 
the  matter  of  the  defenses  of  assumed  risks,  fellow-servants  and  con«> 
tributory  negligence. 

Clocks  V.  Tazewell  Coal  Co.  (Illinois).  105  Northeastern,  132,  p.  134,  April,  1914« 
CONSTITUTIONALITY   OF   OHIO   COAL   WEIGHING   ACT. 

The  Ohio  act  of  February  5,1914  (104  Ohio  Laws,  181),  entitled 
"An  act  to  regulate  the  weighiag  of  coal  at  the  miaes,"  does  not 
restrict  the  right  of  contracting  for  the  labor  of  miners  by  the  day  or 
week  or  month  or  year,  or  in  any  other  manner,  except  as  to  quantity 
that  the  operator  may  deem  proper;  and  if  the  miner  or  loader  is  to. 
be  paid  by  the  ton  or  other  weight,  the  right  of  contract  is  then 
curtailed  to  the  extent  that  he  shall  be  paid  according  to  the  total 
weight  of  the  coal  contained  in  the  mine  car,  such  contents  to  include 
however,  no  greater  percentage  of  slate,  sulphur,  rock,  dirt,  or 
other  impurities  than  is  ima voidable,  as  determined  by  the  Industrial 
Commission;  and  the  act  permits  the  employer  and  miner  to  stipu- 
late as  between  themselves  what  percentage  of  coal  commonly 
known  as  nut,  pea,  dust,  and  slate  shall  be  allowed  in  the  output 
of  the  mine,  and  the  act  can  not  be  said  to  be  imconstitutional,  and 
it  is  not  repugnant  to  any  constitutional  provision,  State  or  Federal, 

Rail  &  River  Coal  Co.  r.  Yable,  214  Fe<l.,  273,  p.  281,  May,  1914. 
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A  Federal  court  can  not  say  that  the  act  of  February  5,  1914, 
of  Ohio  (104  Ohio  Laws,  181),  entitled  "An  act  to  regulate  the  weigh- 
ing of  coal  at  mines,"  does  not  provide  for  the  health,  safety,  and  gen- 
eral welfare  of  employees,  in  that  it  suppUes  an  incentive  for  more 
effectually  securing  the  removal  of  fine  coal  and  coal  dust  to  the 
surface  and  thereby  minimizing  or  dissipating  the  danger  arising 
from  their  continued  presence  in  the  mine;  nor  can  the  court  say 
that  the  legislature  acting  within  the  scope  of  section  36  of  the  act 
may  not  say  that  the  business  of  mining  coal  is  so  far  affected  with 
a  public  interest  as  to  justify  appropriate  regulation  of  the  manner 
of  paying  employees  when  they  are  to  be  paid  according  to  the 
quantity  produced,  and  when  such  regulatory  statute  vnil  operate 
to  allay  discord  and  strive  to  conserve  the  coal  supply. 

Rail  &  River  Coal  Co.  r.  Yable,  214  Fed.,  273,  p.  281,  May,  1914. 

statutory  rights  and  duties. 

Statutory  Rights  Granted. 
Duties  Imposed  on  Operator. 
Duties  Imposed  on  Miner. 

statutory  rights  granted. 

MINER    ENTITLED  TO   PIIOTECTIOK   OF   STATUTE. 

In  an  action  for  damages  for  the  death  of  a  miner  caused  by  the 
alleged  violation  of  a  statutory  provision  it  is  necessary  that  the 
proof  show  that  at  the  time  of  the  injmy  resulting  in  the  death  of  a 
miner  he  belonged  to  the  class  of  persons  for  whose  protection  and 
benefit  the  statute  was  enacted;  but  under  the  statute  of  Illinois 
requiring  a  mine  operator  to  station  at  the  bottom  of  the  shaft'  of 
his  mine  a  competent  man  charged  with  the  duty  of  attending  to 
signals  and  enforcing  the  rules  governing  the  carriage  of  men  on 
cages  and  which  required  such  shaft  man  to  be  at  his  post  of  duty 
half  an  hour  before  the  hoisting  of  coal  begms  in  the  morning  and  to 
remain  for  half  an  hour  after  the  hoisting  ceases  for  the  day,  the  de- 
ceased miner  was  entitled  to  the  protection  of  the  statute  and  to  the 
presence  of  the  shaft  man  if  he  reached  the  bottom  of  the  shaft  within 
the  time  the  shaft  man  is  required  to  be  on  duty,  although  he  entered 
the  shaft  before  he  was  required  to  do  so,  and  if  injured  within  that 
time  he  was  a  member  of  that  class  of  persons  for  whose  health  and 
safety  the  mining  act  was  passed  and  the  fact  that  he  descended  the 
shaft  before  he  was  required  to  do  so  did  not  render  him  a  trespasser 
or  deprive  him  of  the  protection  of  the  statute. 

Brunnworth  v.  Kerens-Donnewald  Coal  Co.  (Illinois),  103  Northeastern,  178,  p.  184. 
December,  1913. 
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DUTIES   IMPOSED   ON   OPERATOR. 
DELEGATION  OP  DUTY — INDEPENDENT  CONTRACTOB. 

The  owner  and  operator  of  a  mine  can  not  relieve  himself  of  the 
duties  imposed  by  the  statute  of  Kentucky  for  the  protection  of 
human  life  by  entering  into  a  contract  with  a  miner  to  mine  coal 
at  a  specified  price  per  ton. 

Intestate  Coal  Co.  v.  Trivett  (Kentucky),  160  Southwestern,  728,  p.  731,  November, 
1913. 

Interatate  Coal  Co.  v.  Trivett  (Kentucky),  160  Southwestern,  731,  p.  732,  November, 
1913. 

Emploveis*  Indemnity  Co.  v.  Kelly  Coal  Co.  (Kentucky),  160  Southwestern,  914, 
p.  1916,  November,  1913. 

SAFETY  OF  CAGES. 

Section  8356  of  the  revised  codes  of  Montana  requires  the  operator 
of  a  shaft  mine  to  keep  the  doors  on  the  safety  cage  closed  when  cany- 
ing  men,  but  the  statute  does  not  impose  on  the  operator  the  duty  of 
employing  a  person  whose  sole  duty  it  would  be  to  open  and  close 
the  cage  door,  nor  does  it  prohibit  the  operator  from  imposing  such 
duty  upon  a  person  having  other  duties  to  perform  that  in  no  way 
interfere  with  the  duty  of  opening  and  closing  the  cage  door.  While 
the  act  is  penal  in  its  character,  yet  it  is  a  poUce  regulation  designed 
to  protect  the  lives  of  miners  and  was  not  intended  to  lay  an  embargo 
upon  the  mining  industry,  and  this  section  does  not  contemplate 
that  it  would  be  necessary  that  two  or  three  men  be  employed  to 
wait  upon  one  man  who  is  actively  engaged  in  mining;  but  it  does 
impose  the  duty  and  contemplates  that  in  its  discharge  some  one 
shall  be  employed  to  act  for  the  operator  in  performing  the  manual 
labor  of  opening  and  closing  the  cage  doors,  and  if  the  person  desig- 
nated to  do  this  is  capable,  understands  the  method  to  be  pursued 
in  the  employment,  and  is  not  incumbered  with  other  duties  which 
interfere  with  the  discharge  of  opening  and  closing  the  door,  then  the 
mine  operator  has  dischai^ed  its  duty. 

Maronen  v.  Anaconda  Copper  Co.  (Montana),  136  Pacific,  968,  p.  972,  November, 
1913. 

DUTY  TO   FURNISH  SAFE   CAGE. 

The  statute  of  Missouri  (R.  S.  1909,  sec.  8456)  makes  it  the  duty  of 
a  mine  operator  to  provide  safe  means  of  hoisting  and  lowering  per- 
sons in  a  cage,  so  as  to  keep  safe  so  far  as  possible  persons  descending 
into  and  ascending  out  of  the  shaft  of  a  mine,  and  this  provision  may 
be  regarded  as  a  statutory  expression  of  an  elementary  common-law 
rule;  and  a  mine  operator  who  has  provided  a  hoisting  cage  for  trans- 
portation of  its  miners  is  under  the  duty  to  exercise  reasonable  care 
to  maintain  a  cage  in  a  reasonably  safe  condition  for  use ;  and  while 


64  OUKBENT  DECISIONS  ON   MINES  AND  MINING. 

a  mine  operator  is  not  an  insurer  of  the  safety  of  a  miner  and  the  mere 
fact  that  a  miner  was  injured  while  in  the  discharge  of  his  duties  of 
employment  by  a  defect  in  the  cage  would  not  of  itself  raise  an  infer- 
ence of  negligence,  but  the' question  is  whether  or  not  the  operator 
exercised  proper  care  to  discover  the  presence  of  defects  in  the  cage 
that  would  enhance  the  natural  risks  of  the  service;  and  knowledge, 
actual  or  constructive,  of  a  defect  in  appliances  must  be  brought  home 
to  the  employer  before  a  liabihty  exists;  but  the  evidence  of  the 
injured  miner  to  the  effect  that  he  was  dumped  through  the  floor  of 
the  cage  and  injured  in  the  fall,  together  with  the  evidence  of  the 
eager  that  large  lumps  of  coal  had  been  falling  from  the  ascending 
cage  for  a  long  period  is  sufficient  to  raise  an  inference  of  n^ligence 
and  that  the  injury  was  in  fact  caused  by  the  failure  of  the  mine 
operator  to  make  proper  inspection  of  the  cage. 

Ronchetto  v.  Northern  Central  Coal  Co.  (Missouri  Appeals),  166  Southwestern,  876. 
p.  879,  May,  1914. 

NO   EXCUSE  FOR  NONCOMPUANCB. 

The  duty  of  equipping  a  safety  cage  with  steel  doors  and  keeping 
them  closed  when  carrying  miners,  as  provided  by  section  8536  of 
the  revised  codes  of  Montana,  is  an  absolute  one,  in  the  sense  that 
the  employer  will  not  be  heard  to  say  that  by  the  exercise  of  ordinary 
care  he  can  not  comply  with  the  requirement. 

Maronen  v.  Anaconda  Copper  Co.  (Montana),  136  Pacific^  968,  p.  969,  November, 
1913. 

DUTY  TO   FURNISH  PROPS — ^APPLICATION   OP  STATUTORY  RULE. 

Section  27396-7  of  the  Kentucky  statutes  requires  the  owner  or 
operator  of  a  mine  to  furnish  to  the  miners  a  sufficient  number  of  caps 
and  props,  the  latter  to  be  properly  prepared  for  use  by  the  miner 
in  securing  the  roof  in  his  room  in  the  mine,  and  this  rule  does  not 
apply  only  where  it  is  necessary  to  use  them  to  support  the  permanent 
roof  of  the  mine  but  apphes  equally  to  a  case  of  mere  draw  slat-e, 
though  not  usually  practicable  or  customary  to  prop;  but  as  the  chief 
purpose  of  the  statute  is  the  protection  of  the  miner,  and  it  may 
happen  that  draw  slate  may  be  propped  while  the  miner  is  engaged 
in  cutting  down  the  coal,  and  under  such  circumstances,  where  a 
miner's  request  for  props  is  not  compUed  with  and  the  miner  is  injured, 
the  question  whether  or  not  the  failure  to  furnish  the  props  was  the 
proximate  cause  of  his  injury,  and  where  it  appears  that  it  was 
neither  customary  nor  practicable  to  prop  the  draw  slate,  the  ques- 
tion of  the  proximate  cause  of  the  miner's  injury  become  a  question 
of  fact  for  the  jury. 

Inten*tate  Coal  Co.  r.  Trivett  ^Keutuckv),  160  SouUiwe^tem,  728,  p.  730.  November. 
1913. 
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KETHOD  or  OPBftATINO  MINE. 

The  statute  of  Wisconsin  (Laws  1911,  cliap.  485)  provides  that  no 
«mployer  shall  fail  to  use  methods  reasonably  adequate  to  render  the 
place  of  employment  safe,  and  a  mine  operator  can  not  escape  lia- 
bility for  an  injury  to  a  miner  caused  by  the  fall  of  rock,  on  the 
groimd  that  he  adopted  the  usual  and  customary  methods  of  doing 
the  work,  as  this  does  not  answer  the  requirement  of  the  statute. 

Dolpbln  «.  Peacock  Min.  Go.  (WiBconain),  144  Northwestern,  1112,  p.  1115,  Januaiy, 
1913. 

CARE  REQtTIBBD  m  INSPBCnON. 

Under  the  liability  act  of  Alabama  (Code,  sec.  3910)  the  measure 
of  care  and  diligence  for  the  performance  of  the  duty  of  inspection 
for  defects  in  the  ways,  works,  machinery,  or  plant  of  a  mine  oper- 
ator is  the  exejrcise  and  employment  of  the  care,  prudence,  and  dili- 
gence a  reasonably  prudent  man  would  exercise  and  employ  under 
similar  circumstances  to  ascertain  whether  there  are  defects  in  the 
condition  of  the  ways,  works,  machinery,  or  plant,  bearing  in  mind 
that  the  operator  is  not  accountable  as  an  insurer  of  the  premises, 
and  that  the  character  and  frequency  of  the  inspection  must  depend 
upon  the  subject  of  the  duty,  whether  it  is  machinery  peculiarly 
subject  to  wear  and  a  self-created  deficiency  in  its  vital  parts  or 
some  other  agency  of  the  operator's  business  in  which  normal  use 
does  not  ordinarily  create  defects  in  its  condition. 

£q>ey  V.  Gahaba  Goal  Co.  (Alabama),  64  Southern,  753,  p.  756,  February,  1914. 

INSPEOnON — FAILURE  TO  FBRFOBM — ^LIABIUTT. 

Section  7381  of  the  Remington  and  Ballinger  Code  of  the  State  of 
Washington  provides  that  in  all  mines  generating  fire  damp  the  owner 
or  operator  shall  cause  every  working  place  to  be  examined  every 
morning  with  a  safety  lamp,  by  a  competent  person,  and  a  record  of 
such  examination  entered  in  a  book  kept  for  that  purpose,  and  that 
such  book  must  always  be  produced  for  examination  at  the  request 
of  the  inspector,  is  less  drastic,  and  is  evidently  intended  to  take  the 
place  of  section  9  of  the  act  of  1891,  requiring  aU  such  mines  ''to 
be  kept  free  from  gas  of  every  kind." 

Fadfie  Coaat  Coal  Co.  v.  Brown,  211  Fed.,  869,  p.  872,  February,  1914. 

DUTY  TO  PROVIDB  6AFB   WORKIKO  PLACE. 

The  fact  that  all  the  miners  in  a  mine  were  working  under  the 
direction  of  the  mine  manager  in  clearing  out  a  mine  for  operation 
after  having  been  shut  down  for  several  months,  and  all  were  under 
general  directions  to  make  dangerous  places  safe,  yet  this  does  not 
relieve  the  owner  or  operator  from  the  duty  of  having  the  mine  ex- 
amined, the  mine  examiner  from  the  duty  of  marking  dangerous 
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places,  or  the  mine  operator  or  owner  from  the  duty  of  having  danger 
signals  properly  placed,  as  required  by  the  statute  of  Illinois;  and  if 
such  general  instructions  to  make  all  dangerous  places  safe  were 
sufficient  to  cause  the  miners  to  assume  the  hazards  of  the  employ- 
ment, then  there  would  be  no  necessity  for  or  any  us©  of  examination, 
as  the  miners  could  ascertain  the  dangerous  places  in  their  own  way 
and  make  them  safe  at  their  own  risk;  but  the  conditions  under 
which  a  miner  may  work  at  a  dangerous  place  at  his  own  risk  are 
those  where  the  owner  has  compUed  with  the  statute  by  having  the 
mine  examined,  the  dangerous  places  marked  by  the  mine  examiner, 
and  the  miner  is  sent  to  that  particular  place  by  the  direction  of  the 
mine  manager  to  make  safe  the  particular  dangerous  conditions 
there  existing. 

Piazzi  V.  Kerens-Donnewald  Coal  Co.  (Illinois),  104  Xortheastern,  200,  p.  202, 
February,  1914. 

RAPE   APPUANCES — USB  OP  INDICATOR. 

The  statute  of  Idaho  requires  a  hoist  used  in  handling  men  in  mines 
to  be  equipped  with  an  indicator  placed  in  clear  view  of  the  hoist 
engineer  and  so  adjusted  as  to  show  at  all  times  the  exact  location 
of  the  bucket,  cage,  or  skip,  and  in  an  action  by  a  miner  for  injuries 
received  while  riding  on  a  skip  and  by  reason  of  its  coining  in  contact 
with  the  bulkhead  it  is  proper  to  show  that  the  hoist  was  not  equipped 
with  the  indicator  as  required  by  the  statute,  and  to  show  that  the 
method  used  for  signaling  to  the  man  at  the  hoist  was  defective  and 
that  because  of  such  defect  the  injury  occurred. 

Federal  Min.  &  Smelting  Co.  v.  Hodge,  213  Fed.,  605,  p.  608,  May,  1914. 

DITTY  TO   VENTILATE   MINE. 

An  operator  of  a  coal  mine  is  liable,  for  failure  to  properly  ventilate 
his  mine  as  required  by  the  Kentucky  statute,  to  a  miner  who  was 
overcome  by  the  presence  of  black  damp,  where  it  appears  that  the 
injury  consisted  of  being  overcome  by  the  black  damp,  and  if  breathed 
for  any  length  of  time  small  quantities  of  the  gas  cause  headache  aaid 
nausea  followed  by  pains  and  weakness  in  the  back  and  limbs,  while 
larger  quantities  produce  death,  and  a  recovery  may  be  had  imder 
such  circumstances,  though  there  was  no  direct  evidence  tending  to 
show  an  actual  violation  of  the  statute. 

Mt.  Morgan  Coal  Go.  v.  Shumate  (Kentucky),  163  Southwestern,  1099,  March,  1914. 

DUTIES   IMPOSED   ON   MINER. 
KEEPING  WORKING  PLACE   SAFE. 

Section  6871  of  the  Revised  Statutes  of  Ohio  requires  every  miner 
under  penalty  to  securely  prop  the  roof  of  any  working  place  under 
his  control  to  a  distance  of  15  feet  back  from  the  face  of  his  working, 
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and  the  statute  applies  primarily  to  a  miner  actually  engaged  in 
mining  coal  and  constantly  changing  his  working  place^  and  it  has 
no  application  to  a  miner  originally  engaged  as  a  general  repair  man 
and  electrical  wire  hanger,  but  was  temporarily  employed  by  the 
foreman  and  requested  and  directed  to  assist  a  timberman  in  taking 
out  bottom  coal  in  an  entry  and  proceeded  to  perform  the  work 
according  to  the  directions  of  the  foremaa,  and  while  so  engaged  was 
injured  by  a  fall  of  slate  from  the  roof  of  such  entry. 

Dadier  v.  Hocking  Min.  Co.,  212  Fed.,  628,  p.  690,  April,  1914. 

DUTIES   OF  MINER  TO   MAKE   WORKING   PLACE    SAFE. 

The  statute  of  Montana  (Coal  Mining  Code,  1911,  sec.  83)  imposes 
on  the  miner  the  duty  of  inspecting  and  keeping  safe  his  working 
place,  and  where  a  miner  was  employed  running  an  entry  or  tiumel 
some  12  feet  wide  through  a  blanket  vein  of  coal  varying  in  height 
according  to  the  thickness  of  the  vein,  and  at  certaui  intervals  the 
work  was  measured  up  and  paid  for  by  the  company,  the  miner's 
working  place  xmder  such  circumstances,  and  which  under  the  statute 
lie  is  required  to  keep  safe,  is  his  working  place  while  loading  at  the 
point  where  the  coal  was  actually  put  into  the  cars,  and  while  drilling 
and  blasting  his  working  place  is  at  the  face  of  the  entry;  but  the  por- 
tion of  the  entry  so  completed  and  measured  up  and  paid  for  by  the 
operator  is  not  a  working  place  within  the  meaning  of  this  statute, 
though  the  miner  was  required  to  make  use  of  that  portion  of  the 
tunnel  to  get  empty  cars,  powder,  and  other  appliances;  and  it  was 
the  duty  of  the  mine  operator  to  inspect  and  keep  safe  all  that  part 
of  the  timnel  so  completed  and  paid  for,  and  for  any  negligence  in 
this  respect  the  operator  is  liable  for  an  injury  to  a  miner  occurring 
in  that  part  of  the  tunnel  so  completed  and  accepted  by  the  operator. 

Mdnneas  v.  Republic  Coal  Co.  (Montana),  140  Pacific,  235,  p.  236,  April,  1914. 

MINER  IN  CHARGE — PROPPING   ROOF. 

The  statute  of  Ohio  requires  every  miner  under  a  penalty  to  securely 
prop  the  roof  of  his  working  place,  and  no  recovery  can  be  had  by  a 
miner  for  an  injury  resulting  from  his  failure  to  prop  the  roof  as  re- 
quired; and  if  two  miners  are  equally  in  control  of  the  working  place, 
the  fact  that  one  is  distinguished  as  timberman  does  not  relieve  the 
other  of  liabiUty. 

Dasher  v.  Hocking  Min.  Co.,  212  Fed.,  628,  p.  629,  April,  1914. 

MINER  IN   CONTROL  OP   ROOM — ^MEANING. 

Under  section  6871  of  the  Revised  Statutes  of  Ohio,  imposing  upon 
a  miner  imder  penalty  the  duty  of  securely  propping  the  roof  of  any 
working  place  *' under  his  control,"  the  question  of  actual  control  is 
primarily  one  of  fact,  and  the  statute  m  not  held  to  mean  that  every 
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person  employe<l  in  a  mine  for  any  purpose  is  in  control  of  the  room 
in  which  he  is  employed ;  but  the  statute  is  more  properly  limited  to 
those  persons  actually  engaged  as  miners  in  taking  out  coal  and 
thereby  removing  the  natural  props  of  the  roof,  and  does  not  apply 
to  persons  specially  employed  to  perform  duties  having  no  connec- 
tioii  with  the  weakeniog  or  remo  /al  of  these  natural  supports. 

Diusher  V.  Hocking  Min.  Co.,  212  Fed.,  628,  p.  634,  April,  1914. 

OPBBJLTOB'S  FAILX7BB   TO  COMPLY  WTTH  STATTTTOBT  BBCKT- 

LATIONS. 

Failube  to  Comply  Geneballt. 
Nbglioent  Failure  to  Comply. 
Willful  Failure  to  Comply. 

FAILURE  to  OOMFLY  OENSRALLY. 

PLEADING  NEOLIGENCB  AND  UABILirT. 

^  In  an  action  by  a  miner  for  damages  for  injuries  caused  by  the 
aUeged  violation  of  a  statute  on  the  part  of  the  operator,  the  com- 
plaint will  be  sufficient  if  it  advises  the  defendant  of  the  negligence 
charged  so  as  to  inform  him  of  what  he  is  expected  to  meet  at  the 
trial;  and  the  injured  miner  is  not  required  to  plead  in  detail  such 
facts  as  are  peculiarly  within  the  knowledge  of  the  operator;  and  a 
complaint  is  sufficient  if  it  alleges  that  in  the  vicinity  where  the  plam- 
tifif  was  directed  by  the  mine  boss  to  work  there  was  loose  rock  and 
slate  which  it  was  necessary  for  him  to  go  under  while  performing 
the  particular  work  required  of  him,  and  that  the  defendant  had  full 
knowledge  of  all  such  defects  before  sending  the .  plaintiff  there  to 
work,  and  the  defective  condition  of  the  roof  of  the  mine  could  have 
been  easily  ascertained  by  an  inspection,  together  with  an  averment 
that  the  plaintiff  did  not  know  of  the  loose  and  dangerous  condition 
of  the  rock  and  slate,  and  that  the  mine  operator  gave  him  no  warn- 
ing of  its  dangerous  condition. 

Domestic  Block  Coal  Co.  v.  Holden  (Indiana  Appeals),  103  Northeastern,  73,  p.  75, 
November,  1913. 

PROXIMATE   CAUSE   OF  INJUKY — QUESTION  OF  FACT. 

The  statute  of  Illinois  (Mines  and  Miners  Act,  1899,  sec.  28)  re- 
quires operators  of  coal  mines  to  keep  at  the  top  and  bottom  of  the 
shaft  a  competent  man  charged  with  the  duty  of  attending  to  the 
signals  and  to  enforce  the  rules  governing  the  carriage  of  men  on 
cages,  and  also  requires  at  the  landing  a  light  sufficient  to  show  the 
landing  and  surrounding  objects  distinctly,  and  a  light  at  the  bottom 
of  the  shaft  so  that  miners  may  clearly  discern  the  cage  and  objects 
in  the  vicinity;  and  in  case  of  a  violation  of  tins  statute  in  failing  to 
maintain  a  light  at  the  bottom  of  the  shaft  and  a  miner  was  killed  in 
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attempting  to  board  a  cage  after  it  had  started,  the  question  of 
whether  or  not  the  absence  of  the  light  required  by  the  statute  was 
the  proximate  cause  of  the  death  of  the  miner  is  a  question  of  fact 
to  be  determined  by  a  jury  imder  all  the  circumstances  of  the  case. 

Dmimworth  v.  Kerens-Donnewald  Goal  Co.  (Illinois),  103  Northeastern,  178,  p.  180, 
December,  1913. 

VAILUKE  TO   COMPLT — UABIUTY — ^DEFENSES   EXCLUDED. 

In  an  action  by  a  miner  against  a  mine  operator  for  dami^es  for 
injuries  received  while  working  in  a  nune;  proof  is  admissable  to 
show  that  the  operator  had  rejected  the  provisions  of  the  workmen's 
compensation  act  of  Illinois,  and  hence  can  not  set  up  the  defenses 
of  assuxned  risks^  fellow-servants,  or  contributory  negligence,  except 
that  contributory  neghgence  may  be  shown  for  the  purpose  of  les- 
sening the  damages;  and  the  operator  can  not  prove  by  expert 
witnesses  that  the  nune  was  completely  and  properly  equipped, 
constructed,  and  operated,  where  other  employees  of  the  operator 
had  testified  in  its  behalf  as  to  the  actual  condition  of  the  entry 
where  the  accident  occurred,  at  the  time  of  the  accident. 

GrookB  V.  Tazewell  Goal  Go.  (Illinois),  105  Northeastern,  132,  p.  134,  April,  1914. 

FAILXTRB  TO  YBNTELATE  MINE. 

Section  1016  of  the  Alabama  Code  of  1907  requires  the  operator 
of  every  coal  mine  to  provide  and  maintain  ample  means  of  ventila- 
tion for  the  circulation  of  air  through  the  mine  entries  and  to  working 
places  to  an  extent  that  will  dilute,  carry  off,  and  render  harmless 
the  noxious  gases  generated  in  the  mine,  and  requires  mine  operators 
to  keep  their  mines  ventilated  to  the  extent  of  rendering  them  harm- 
less from  noxious  gases;  and  the  legislature  meant  more  than  mere 
requiring  the  nondelegable  duty  of  furnishing  the  means  for  venti- 
lation, but  made  it  the  imperative  duty  of  the  operator  to  so  ventilate 
the  mine  as  to  render  it  harmless  from  noxious  gases  generated 
therein. 

Walker  v.  Birmingham  Goal  &  Iron  Go.  (Alabama),  63  Southern,  1012,  p.  1013, 
December,  1913 

VAILUKB  TO  INSPECT. 

A  nuner  injured  by  rock  falling  from  the  roof  of  an  entry  is  en- 
titled to  recover  from  the  mine  operator  for  failure  to  discharge 
statutory  duty  in  making  inspection  and  propping  the  roof,  where 
the  miner  called  the  attention  of  the  mining  boss  to  the  defective 
condition  of  the  roof  and  asked  to  be  permitted  to  make  the  roof 
safe,  but  permission  was  refused,  the  mine  boss  telling  him  that  he 
would  have  a  company  man  fix  the  roof  before  the  following  morning, 
and  where  on  returning  in  the  morning  the  miner  found  rock  on  the 
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traveling  way  of  the  entry  and,  supposing  that  the  company  man  had 
taken  the  rock  down  in  accordance  with  the  promise,  proceeded  to 
clear  away  the  rock  on  the  floor  and  while  so  doing  was  injured 
from  a  fall  of  rock  in  the  roof,  which  had  not  been  repaired  or  mado 
safe  according  to  the  promise. 

Macketta  v.  Mipsouri,  Kansas,  etc.,  R.  Co.  (Kansas),  140  Pacific,  877,  May,  1911. 

FAILURE   TO  INSPECT  MACHINERY. 

The  liability  act  of  Alabama  (Code,  sec.  3910),  in  the  particular 
that  it  predicates  negligence  of  the  failure  of  the  mine  operator  to 
discover  defects  in  the  condition  of  the  ways,  works,  machinery, 
or  plant,  contemplates  inspection  to  the  end  indicated  and  the  duty 
to  inspect  exists  just  as  the  duty  to  remedy  defects  in  conditions 
exists  but  the  act  has  not  extinguished  the  duty  of  inspection,  but 
such  duty  may  be  delegated  to  a  competent  miner  in  whose  selec- 
tion the  operator  has  employed  the  requisite  care. 

Espey  V.  Oahaba  Coal  Co.  (Alabama),  64  Southern,  753,  p.  755,  February,  1914. 

INJURY  FROM  DEFEGXIYE  AFPLIANCBS — ^LIABILITY. 

Under  the  statute  of  Alabama  (Code,  sec.  3910)  if  the  defect 
counted  on  is  found  to  have  existed  and  to  have  caused  the  death 
of  the  miner  as  alleged,  still  the  operator  can  not  be  held  liable  unless 
the  defect  complained  of  arose  from  or  had  not  been  discovered  or 
remedied  owing  to  the  negligence  of  the  operator,  or  of  some  person 
in  his  service  and  entrusted  by  him  with  the  duty  of  seeing  that  the 
ways,  works,  machinery,  or  plant  were  in  proper  condition,  as  it  is 
essential  to  a  recovery  under  the  first  subdivision  under  the  lia- 
bility act  that  the  proof  must  show  negUgence  within  the  condition  of 
the  act. 

Espey  V.  Cahaba  Coal  Co.  (Alabama),  64  Southern,  753,  p.  755,  February,  1914. 

REFUSAL  TO  PERMIT  SURVEY. 

The  Revised  Statutes  of  Indiana  (sees.  8599-8600,  Bums,  1908) 
provide  that  the  owner  or  tenant  of  any  land  on  which  a  coal  mine 
is  opened  and  operated,and  the  person  or  persons  owning  or  operat- 
ing such  mine,  shall  permit  any  person  interested  in  or  having  title 
to  any  land  coterminous  with  the  land  on  which  such  mine  is  located 
to  have  ingress  and  egress  with  surveyors  and  assistants  into  such 
mine  for  the  purpose  of  measuring  and  surveying  the  mine  in  order 
to  ascertain  whether  or  not  any  coal  has  been  mined  and  taken  from 
his  land,  and  any  owner  or  occupant  who  shall  refuse  such  permission 
shall  forfeit  the  sum  of  $100,  and  the  statute  being  penal  must  be 
strictly  construed ;  and  to  enable  a  person*  to  recover  the  stated 
penalty  he  must  show  a  substantial  violation  of  the  statute  and  must 
show  not  only  that  he  owns  the  land  coterminous  with  the  land  on 
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which  the  mine  is  situated  but  that  the  coal  miuo  sought  to  be  surveyed 
was  open  and  being  operated,  and  that  some  request  had  been  made 
by  him  of  the  owner  or  operator  for  a  permit  to  enter  the  mine  for 
the  purpose  of  making  such  survey  and  measurements,  and  that 
such  permission  had  been  refused. 

Rowell  V.  Snoddy  (Indiana  Appeals),  104  Northeastern,  90,  February,  1914. 

NEGLIGENT   FAILURE   TO    COMPLY. 
FAILUBE  TO  SUPPLY  PROPS. 

The  statute  of  Kansas  requires  a  mine  operator  to  supply  prop  tinoh 
ber  of  suitable  length  and  size  and  easy  of  access,  and  a  mine  operator 
can  not  avoid  liability  for  injury  to  a  miner  because  of  its  failure 
to  supply  such  prop  timber  by  delegating  the  duty  to  some  agency, 
such  as  the  car  drivers;  and  the  statute  neither  requires  nor  contem- 
plates that  the  miner  shall  request  or  demand  of  the  operator  that 
the  prop  timber  be  supplied  before  the  obligation  of  the  statute 
arises;  and  proof  that  a  car  driver  failed  to  communicate  the  request 
to  the  mine  boss  will  not  relieve  the  operator  from  liability. 

Le  Koy  v.  Missouri,  Kansas,  etc.,  R.  Co.  (Kansas),  138  Pacific,  646,  February,  1914, 
Ricci  V.  Cherokee  &  Pittsburg  Coal  &  Min.  Co.  (Kansas),  140  Pacific,  844,  p.  866, 
May,  1914. 

DUTY  OF  OPERATOR. 

The  statute  of  Kentucky  (sec.  2739&-7)  imposes  upon  the  operator 
of  a  coal  mine  the  peremptory  and  nondelegable  dutv  of  furnishing 
to  the  miner  such  props  and  caps  as  are  necessary  to  make  safe  the 
roof  of  the  miner's  working  place  when  request  therefor  is  made; 
and  a  miner  who  is  injured  by  a  failure  of  the  mine  operator  to  per- 
form this  duty  may  recover  damages  for  the  injuries  sustained 
unless  the  danger  of  working  in  the  place  where  he  was  injured  was 
so  imminent  and  obvious  that  an  ordinarily  prudent  person  would 
not  have  worked  therein. 

Continental  Coal  Corporation  v.  York  (Kentucky),  167  Southwe*jtern,  131,  p.  132, 
June,  1914. 

WILLFUL  FAILURE   TO   COMPLY. 
WnJJ'UL  OR  NBOUOBNT  VIOLATION. 

In  an  action  by  a  miner  for  injuries  caused  by  the  failure  of  the 
mine  operator  to  supply  the  miner  with  suitable  prop  timber  the  miner 
is  not  required  to  prove  willfulness  on  the  part  of  the  operator  in 
failing  to  comply  with  the  provisions  of  the  statute,  as  the  statute 
gives  a  cause  of  action  for  injury  occasioned  by  any  violation  of  the 
act,  and  where  the  operator  established  its  own  method  and  means 
for  complying  with  the  statutory  obligation  and  makes  the  car  driver 
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its  agent  to  rec-eive  and  forward  requests  for  props  and  to  deliver  the 
props  to  the  miners,  and  having  chosen  such  method  its  responsi- 
bility for  a  failure  resulting  from  any  deficiency  in  the  means  by 
which  its  statutory  obligation  was  to  be  complied  with,  it  will  not 
be  permitted  to  avoid  liabiUty  for  failure  to  comply  with  the  statute 
because  the  agency  employed  by  it  had  proved  untrustworthy;  and 
a  willfid  failure  to  comply  with  such  a  statute  does  not  involve  bad 
purposes  or  determined  obstinacy  in  order  to  create  hability,  but  if 
the  operator  intentionally  suffers  mining  operations  to  proceed 
without  taking  the  prescribed  precautionary  measures  he  is  guilty 
of  a  willful  failure  within  the  meaning  of  the  law. 

Le  Roy  v.  Miaeouri,  Kansas,  etc.,  R.  Co.  (Kanfias),  138  Pacific,  d46,  Febniary,  1914« 
Ricci  V.  Cherokee  &  Pittsburg  Coal  &  Mln.  Co.,  (Kansas),  140  Pacific,  S44,  p.  866, 
May,  1914. 

VIOLATIONS  OF  STATUTOBY  BBOULATIONS. 

Violations  by  Operator. 
Violations  by  Miner. 

violations  by  operator. 

CAUSAL  CONNBCnON   WITH  INJT7RY. 

Section  8546  of  the  revised  code  of  Montana  prohibits  the  storing 
of  more  than  3;000  pounds  of  explosives  in  a  mine,  and  a  violation 
of  this  section  is  negligence  per  se,  but  such  n^ligence  can  not 
become  the  basis  of  recovery  without  proof  of  a  causal  connection 
between  it  and  the  injury  complained  of;  but  when  a  quantity  of 
dynamite  by  exploding  produces  injury  the  causal  connection  is 
established;  and  if  the  storing  of  the  quantity  is  negligence  then  a 
causal  connection  is  made  by  the  explosion  between  the  negligence 
alleged  in  storing  the  excessive  amoxmt  and  the  injury  complained 
of.  However,  a  plaintiff  in  such  case  is  not  required  to  show  a 
specific  causal  connection  between  the  injury  and  the  existence  or 
explosion  of  that  portion  of  the  dynamite  exceeding  3,000  poirnds, 
as  this  would  defeat  the  purpose  of  the  statute,  considered  as  the 
foundation  of  civil  ha})ility;  nor  is  the  per  se  negligence  answered  by 
saying  that  a  quantity  of  dynamite  less  than  3,000  poimds  might 
have  exploded  under  the  same  circumstances  or  that  the  explosion 
of  a  quantity  less  than  3,000  pounds  xmder  the  same  circumstances 
might  have  produced  the  injury. 

Westlake  v.  Keating  Gold  Min.  Co.  (Montana),  136  Pacific,  38,  p.  40,  October,  1913. 

The  storing  of  explosives  in  a  mine  in  excess  of  the  amoimt  per- 
mitted by  section  8546  of  the  revised  codes  of  Montana  is  negligence 
per  se,  but  to  justify  the  recovery  by  a  miner  injured  by  an  explosion 
there  must  be  a  causal  relation  between  the  storing  and  the  injuries 
complained  of,  and  if  the  storing  and  the  consequent  explosion  did 
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not  cut  off  the  escape  of  the  miner  working  in  the  mine;  and  if  he 
was  so  located  that  his  means  of  egress  were  not  affected  by  the 
explosion^  then  such  per  se  negligence  is  not  available  to  him  as  a 
basis  of  recovery. 

West  Lake  v.  Keating  Gold  Min.  Co.  (Montana),  136  Pacific,  38,  p.  41,  October,  1913. 

CKIMINAL  AND  CIVIL  LIABILHT. 

Section  8536  of  the  statute  of  Montana  requires  a  mine  operator 
to  keep  the  doois  on  the  safety  cage  in  a  shaft  mine  closed  when 
carrying  men  into  or  out  of  the  mine  and  prescribes  a  criminal  lia- 
bihty  for  its  violation:  but  the  fact  of  such  criminal  liability  does  not 
render  a  mine  operator  immune  from  civil  liability  for  an  injury 
resulting  from  a  violation  of  the  section. 

Maronen  v.  Anaconda  Copper  Co.  (Montana),  136  Pacific,  968,  p.  969,  November, 
1913. 

FAILURE  TO  MAINTAIN   A   EATE   ENTRY. 

The  statute  of  Pennsylvania  (Laws,  p.  78)  provides  that  all  entries 
shall  have  a  clear  level  width  not  less  than  2i  feet  between  the  side 
of  the  car  and  the  rib  to  allow  the  driver  to  pass  his  trip  safely  at 
points  where  he  is  required  to  sprag  his  cars,  and  a  mine  operator  is 
Uable  for  an  injury  to  a  car  driver  where  he  fails  to  provide  space 
sufficient  to  permit  the  car  driver  to  keep  clear  of  the  cars  and  where 
such  failure  is  the  proximate  cause  of  the  injury. 

Smith  t'.  Stoner  (Pennsylvania),  89  Atlantic,  795,  p.  796,  January,  1914. 

rmiNG   SHOTS  IN   VIOLATION   OP   STATUTE—  DEATH   FROM  DUST  EXPLOSION. 

A  mine  operator  violating  the  provisions  of  section  8477  of  the 
Revised  Statutes  of  Missouri,  1900^  in  that  shots  used  in  blasting 
coal  were  fired  before  the  miners  had  time  to  leave  the  mine,  thereby 
producing  a  dust  explosion,  resulting  in  the  death  of  a  miner,  can 
not  escape  liability  either  on  the  ground  that  it  had  been  a  practice 
to  fire  such  shots  before  the  miners  were  out,  though  known  to  be 
dangerous  and  to  be  in  violation  of  law,  or  on  the  ground  that  the  oper- 
ator operated  the  mine  xmder  an  arrangement  with  an  independent 
contractor  by  which  such  independent  contractor  was  to  mine  coal 
off  the  vein  or  solid  as  it  lay  in  the  earth  and  load  the  same  at  the 
point  thus  mined  into  the  operator's  cars,  and  that  the  operator 
woidd  then  transport  it  by  means  of  his  equipment  and  the  regular 
operation  of  the  entire  mine,  to  the  bottom  of  the  shaft  and  thence 
to  the  surface,  and  that  such  independent  contractor  was  paid  by 
the  car  thus  loaded  by  him  at  the  point  of  blasting,  as  the  right  to 
recover  does  not  depend  upon  the  tracing  of  a  direct  relation  from  the 
deceased  to  the  mine  operator,  but  upon  the  duty  owed  him  by  both 
the  contractor  and  the  operator;  and  as  the  operating  company 
never  parted  with  its  proprietorship  and  occupancy  of  the  mine  or 
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with  the  control  of  its  operation,  he  could  not  therefore  relieve  him- 
self of  the  statutory  duty  by  means  of  any  principle  applicable  to 
the  law  relating  to  independent  contractors. 

Gray  v.  Grand  River  Coal  &  Coke  Co.  (Missouri),  162  Southwestern,  277,  p.  278, 
January,  1914. 

FAILURE  TO   EMPLOY  FOREMAN. 

The  statute  of  West  Virginia  requiring  a  mine  operator  to  employ 
a  mine  foreman  and  place  him  in  charge  of  the  undergroimd  worldngs 
of  a  mine  does  not  absolve  the  operator  from  his  common-law  duty 
to  exercise  reasonable  care  to  provide  reasonably  safe  machinery, 
tools;  and  appliances  for  use  in  the  mine  and  make  the  mine  a  reason- 
ably safe  place  for  work,  except  in  so  far  as  the  duty  is  devolved 
upon  the  mine  foreman,  nor  does  it  absolve  the  operator  from  lia- 
bility from  injury  resulting  to  a  miner  in  the  mine  from  his  failure 
to  make  such  provision,  or  his  provision  of  defective  or  unsafe  appli- 
ances, or  his  failure  of  duty  as  to  the  safety  of  the  mine  as  a  place  of 
work  in  all  instances  in  which  such  duty  is  not  cast  upon  the  mine 
foreman. 

Humphreys  v.  Raleigh  Coal  &  Coke  Co.  (West  Virginia),  80  Southeastern,  803, 
p.  805,  February,  1914. 

EMPLOYMENT  OF   BOT  OF  PROHIBITED   AGE. 

In  an  action  for  the  death  of  a  boy  employed  in  a  mine  the  com- 
plaint is  sufficient  where  it  alleges  that  the  intestate  was  a  boy  under 
14  years  of  age  and  while  in  the  employment  of  the  defendant  at  ita 
ore  mines  in  the  State  of  Alabama,  and  while  in  the  discharge  of  his 
duties  in  the  course  and  line  of  his  employment  as  such  and  after  he 
was  so  employed,  he  was  struck  by  one  of  defendant's  tramcars  and 
thereby  so  injured  that  he  died  from  the  effects  thereof,  and  that 
such  injuries  and  death  were  proximately  caused  by  the  employment 
of  the  deceased  boy  in  said  mine  in  violation  of  the  statute  of  Ala- 
bama which  prohibits  the  employment  of  boys  under  14  years  of 
age  to  work  in  or  about  mines  in  the  State. 

Cole  V.  Sloss-Sheffield  Steel  &  Iron  Co.  (Alabama),  65  Southern,  177,  May,  1914. 

PLEADING  CONTRIBUTORY  NEGUQENCE. 

In  an  action  for  damages  for  the  death  of  a  boy  under  14  years  of 
age  employed  in  a  mine  in  violation  of  the  statute  of  Alabama,  an 
answer  by  the  defendant  to  the  effect  that  the  boy  was  guilty  of 
negligence  which  proximately  contributed  to  his  death,  which 
negligence  consisted  in  the  fact  that  at  the  time  the  intestate  suffered 
tlie  injuries  causing  his  death  there  was  in  force  and  effect  a  rule 
prohibiting  employees  performing  the  duties  that  such  intestate  was 
employed  to  perform  from  riding  on  care  operated  on  the  track  on 
which  the  car  or  tram  that  struck  the  intestate  was  being  run  when 
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it  struck  him,  and  of  which  rule  the  intestate  well  knew,  and  that 
immediately  before  the  intestate  received  the  alleged  injury  causing 
his  death  he  was  ridii^  on  one  of  the  cars  in  violation  of  such  rule, 
is  insufficient  because  it  did  not  aver  that  the  boy  had  sufficient 
capacity  to  appreciate  the  danger  or  risk  to  be  incurred  in  not  observing 
the  rule. 

Cole  V.  Slofls-Sheffield  Steel  &  Iron  Co.  (Alabama),  65  Southern,  177,  p.  179,  May, 
1914. 

MINING  COAL  NEAR  DIVISION  LINE — SEPARATE  PENALTIES  RECOVERABLE. 

The  statute  of  West  Virgmia  (sec.  3920,  Code  1913)  prohibiting 
the  owner  or  tenant  of  any  land  containing  coal  from  removing  the 
coal  within  5  feet  of  the  division  line  without  the  consent  of  the  other 
interested  person,  and  giving  to  the  injured  person  the  right  to  sue 
and  recover  a  penalty  of  $500,  makes  each  encroachment  a  separate 
wrong  and  gives  an  injured  party  a  right  of  action  for  as  many 
different  penalties,  whether  such  encroachments  are  made  at  the 
same  time  or  at  different  times. 

Darby  v.  Davis  Coal  A  Coke  Co.  (West  Viiiginia),  81  Southeastern,  1124,  p.  1125, 
May,  1914. 

MININO  NEAR  DIVISION  UNB — ^UMITATION  OF  ACTION. 

An  action  for  the  recovery  of  the  statutory  penalty  of  $600  which 
accrues  in  favor  of  the  owner  of  land  containing  coal  as  against  an 
adjoining  owner  who  mines  the  coal  within  5  feet  of  the  division  line, 
the  cause  of  action  being  for  the  recovery  of  a  penalty,  is  barred  by 
the  statute  of  limitatigns  after  one  year. 

Gawthrop  t».  Fairmont  Coal  Co.  (West  Virginia),  81  Southeastern,  560,  April,  1914. 

VIOLATIONS    BY   MINER. 
VIOLATION   OF  DUTY — NO   RECOVERY. 

The  statute  of  Montana  requires  a  mine  operator  to  keep  the  doors 
on  the  safety  cage  in  a  shaft  mine  closed  while  carrying  miners,  and 
if  a  mine  operator  employs  a  person  whose  sole  duty  it  is  to  open  and 
close  the  cage  doors  at  particular  stations  and  he  neglects  to  perform 
such  duties  while  he  himself  is  being  lowered  or  hoisted,  and  by  reason 
of  such  failure  to  perform  his  duty  and  keep  the  door  closed  he  is 
injured  or  kiUed;  neither  he  in  the  one  instance  nor  his  heirs  or  per- 
sonal representatives  in  the  other  can  recover;  as  in  such  case  he 
would  be  responsible  for  his  own  injury  or  death. 

Maronen  v.  Anaconda  Copper  Co.  (Montana),  136  Pacific,  968,  p.  972,  November, 
1913. 

KNOWLEDGE   OF  VIOLATION    BY  OTHERS — EFFECT  ON   RIGHTS. 

In  an  action  against  a  mine  operator  for  the  death  of  a  miner 
caused  by  the  breaking  of  the  cable  in  hauling  the  miners  out  of  the 
mine,  the  action  can  not  be  defeated  by  showing  that  the  deceased 
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miner  violated  the  statute  of  Pennsylvania  which  prohibits  more 
than  10  persons  from  ridii^  out  of  the  mine  on  a  truck  or  in  a  cage 
at  one  time,  where  it  appeared  that  he  was  the  first  person  on  the 
truck  and  there  was  nothii^  to  show  that  he  knew  how  many  persons 
were  on  the  truck  before  it  started  and  whether  the  number  was  in 
excess  of  the  number  permitted  by  the  statute  and  where  there  was 
nothing  to  show  that  if  he  had  known  of  the  excessive  number 
opportunity  was  given  him  to  alight  in  safety;  and  more  especially 
the  action  can  not  be  defeated  on  this  groimd  where  the  evidence 
showed  that  the  breaking  of  the  cable  was  not  caused  by  the  over- 
loading of  the  car. 

Dodd  V.  Summit  Branch  Min.  Co.  (Pennsylvania),  86  Atlantic,  927,  p.  929,  June, 
1913. 

miner's   violation — PLEADING. 

In  an  action  by  a  miner  for  an  injury  caused  while  riding  on  the 
bail  of  a  skip  in  violation  of  the  statute  of  Idaho  which  forbids  any 
miner  to  ride  on  a  bail  of  the  skip,  the  defense  of  the  violation  of  the 
statute  must  be  interposed  in  a  trial  court  and  cui  not  be  suggested 
as  a  defense  of  the  action  for  the  first  time  on  appeal. 

Federal  Min.  &  Smelting  Co.  v.  Hodge,  213  Fed.,  605,  p.  608,  May,  1914. 
OONT&IBUTORY  NEOUOSNCE  OF  HINSB. 

RELIANCE   ON    PERFORMANCE   OP   IHTTT. 

A  miner  working  in  a  mine  has  the  right  to  rely  upon  the  perform- 
ance of  a  statutory  duty  on  the  part  of  the  mine  examiner,  and  where 
the  mine  examiner  is  required  by  statute  to  mark  dangerous  places  in 
the  roof  the  absence  of  a  mark  indicates  that  in  the  opinion  of  the  mine 
examiner  the  place  is  not  dangerous,  and  imder  such  circumstances 
a  miner  can  not  be  held  guilty  of  contributory  negligence  in  working 
under  a  clod  in  the  roof,  if  not  so  marked,  though  it  may  have  a 
dangerous  appeamce. 

Piazzi  V.  Kerons-Donnewald  Coal  Co.  (Illinois),  104  Northeastern,  200,  p.  202, 
February,  1914. 

EXERCISE   OP  DUE   CARE — PROOF   EXCUSED. 

In  an  action  for  the  death  of  a  miner  against  a  coal  mine  operator 
under  the  statute  of  Colorado  making  an  employer  liable  for  injuries 
or  death  of  an  employee  resulting  from  the  negligence  of  another 
employee  where  the  deceased  employee  was  in  the  exercise  of  due 
care  at  the  time  of  his  death,  the  plaintiff  is  not  required  to  prove 
aflBrmatively  that  the  deceased  was  at  the  time  of  his  death  in  the 
exercise  of  due  care,  but  the  burden  of  proving  contributory  negli- 
gence is  upon  the  employer,  as  it  was  not  within  the  purpose  of  the 
fellow-servant  act  to  change  the  rule  as  to  the  burden  of  proving 
contributory  negligence,  but  the  requirement  as  to  the  injured  or 
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deceased  employee  ''being  in  the  exercise  of  due  care"  was  obviously 
inserted  from  motives  of  caution,  that  it  might  not  be  supposed 
that  the  declared  liability  of  an  employer  was  intended  to  be  absolute 
and  without  regard  to  any  negligence  of  the  injured  or  deceased 
employee. 

National  Fuel  Co.  v.  Maccia  (Colorado),  139  Pacific,  22,  p.  24,  March,  1914. 

DErENSE   OF  CONTRIBUTORT  NEOLIOENCE  ABROGATED. 

The  general  statutes  of  Kansas  (sec.  4987)  require  a  mine  operator 
to  inspect  the  roof  of  the  mine  where  its  employees  are  working,  and 
in  an  action  by  an  injured  miner  against  a  mine  operator  for  failure 
to  inspect  the  roof  of  a  mine  as  required  by  the  statute,  the  statute 
itself  in  effect  abrogates  the  defense  of  contributory  negligence  on 
the  part  of  the  miner. 

Baiadrenghien  v.  Missouri,  etc.,  R.  Co.  (Kansas),  139  Pacific,  428,  March,  1914. 

The  statute  of  Nevada  (Revised  Laws,  sec.  5651)  provides  that  a 
miner's  contributory  negligence  shall  not  bar  recovery,  and  the  effect 
of  the  statute  is  to  supersede  the  common-law  rule  of  contributory 
negligence  and  to  substitute  the  rule  of  relative  or  comparative  neg* 
ligence^  and  slight  contributory  negligence  on  the  part  of  an  injured 
miner  will  not  prevent  a  recovery  for  an  injury  where  the  negligence 
of  the  operator  was  gross  in  comparison  to  that  of  the  miner. 

Peterson  v,  Pittsburg  Silv^  Peak  Gold  Min.  Co.  (Nevada),  140  Pacific,  519,  p.  592, 
April,  1914. 

In  an  action  for  damages  for  the  death  of  a  miner  caused  by  the 
alleged  violation  of  the  statute  of  Illinois,  which  requires  a  mine 
operator  to  keep  a  man  stationed  at  the  bottom  of  the  shaft  to 
enforce  the  rules  governing  the  carriage  of  men  on  cages  and  to  keep 
the  shaft  lighted,  where  it  appeared  that  the  miner  lost  his  life  while 
attempting  to  board  the  cage  after  it  started,  at  the  bottom  of  the 
shaft,  and  where  at  the  time  no  shaft  man  was  present  and  no  light 
was  maintained  as  required  by  the  statute,  the  alleged  contributory 
negligence  of  the  deceased  miner  in  attempting  to  board  the  cage 
can  not  be  interposed  as  a  defense. 

Brunnworth  v.  Kerens-Donnewald  Coal  Co.  (Illinois),  103  Northeastern,  178,  p.  181, 
December,  1913. 

QUESTION  OP  FACT. 

In  an  action  by  a  miner  for  injuries  caused  by  the  alleged  failure 
of  the  mine  operator  to  furnish  props  as  required  by  the  statute  of 
Kansas,  the  contributory  negligence  of  the  miner  in  working  in  his  room 
in  the  absence  of  such  props  is  not  available  to  the  mine  operator  as  a 
defense,  and  if  it  were  so  available  it  is  a  question  of  fact  to  be  deteiv 
mined  by  the  jury  trying  the  case. 

Le  Roy  v.  Missouri,  Kansas,  etc.,  R.  Co.  (Kansas),  138  Pacific,  646,  February,  1914« 
Macketta  v.  Missouri,  Kansas,  etc.,  R.  Co.  (Kansas),  140  Pacific,  877,  May,  1914. 
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DUTY  TO  FURNISH  PROPS — CONTRIBUTORY   NEOLIOENCE   OP  MINER. 

Where  a  mine  operator  furnished  the  necessary  props  as  required 
by  the  Kentucky  statute  (sec.  2739b),  a  miner  injured  by  a  fall  of 
slate  from  the  roof  is  guilty  of  contributory  negligence  where,  with 
knowledge  of  the  dangerous  condition  .of  the  roof,  he  continues 
working  in  the  dangerous  place  without  setting  the  props,  and  the 
fact  that  it  was  more  convenient  to  mine  and  handle  the  coal  without 
the  props  will  not  excuse  his  negligence. 

Bianson  v.  Clover  Fork  Coal  Co.  (Kentucky),  164  Southwestern,  304,  p.  305, 
March,  1914. 

ASSUMPTION  OF  BISK— EFFECT. 

RISKS   ASSUMED   BY  MINER. 

MAKING  DANGEROUS  PLACE   SAFE. 

By  the  TYiining  act  of  Illinois  it  is  the  duty  of  timbermen  in  a  mine 
to  work  in  unsafe  places  and  make  them  safe  whenever  and  wherever 
directed  by  the  mine  manager,  and  a  mine  manager  is  only  doing  his 
statutory  duty  when  he  sends  a  timberman  to  clean  up  a  fall  and  make 
a  place  safe,  and  in  such  case  the  operator  can  not  be  charged  with  a 
violation  of  a  statutory  duty  in  case  of  injury  to  the  timberman  caus- 
ing his  death;  and  while  it  is  the  duty  of  a  mine  operator  to  warn  an 
inexperienced  miner  of  unknown  dangers,  the  rule  does  not  apply 
where  the  danger  was  involved  in  the  very  nature  of  the  employment 
and  the  nature  of  the  work  notified  the  timberman  of  the  danger, 
and  accordingly  he  was  not  exposed  to  any  unusual,  unnecessary, 
or  unknown  danger. 

Ealinski  v.  WilliamBon  County  Goal  Co.  (Illinois),  104  Northeastern,  1097,  p.  1099, 
April,  1914. 

KNOWLEDGE  OF  DANGER. 

An  educated  miner  of  21  years'  experience,  who  had  served  8 
years  as  a  pit  boss  and  had  worked  in  a  particular  mine  for  5  months, 
and  who  had  admitted  that  he  was  more  able  to  cope  with  mine  dangers 
than  the  average  man,  and  that  he  knew  the  dangers  of  the  situation, 
and  that  within  half  an  hour  before  he  received  an  injury  from  falling 
pock  that  some  of  the  rock  falling  from  the  roof  of  his  room  knocked 
some  of  the  props  out,  and  that  such  props  were  so  short  that  he 
would  not  hear  the  rock  crack  at  the  top  should  the  roof  start  to  fall, 
and  who  admitted  that  he  had  the  necessary  tools  at  hand  to  utilize 
the  posts  in  the  room  immediately  available  to  him,  and  yet  he  failed 
to  undertake  to  protect  himself  by  properly  setting  any  of  the  props, 
but  preferred  to  wait  for  longer  timbers  to  be  sent  to  him,  and  who 
with  his  knowledge  and  the  warning  from  the  falling  rock  continued 
in  his  place  of  danger,  assumes  the  risk  and  can  not  recover  for  an 
injury  though  the  mine  foreman  and  the  mine  operator  may  have 
been  neg%ent  in  failing  to  furnish  suitable  props. 

Peters  v.  Vesta  Coal  Co.  (Pennsylvania),  90  Atlantic,  65,  p.  66,  January,  1914. 
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FAILURE  TO  PROP   ROOF. 


Section  6871  of  the  Revised  Statutes  of  Ohio  imposes  upon  every 
miner  the  duty  of  securely  propping  the  roof  of  his  working  place  and 
renders  him  liable  to  crindnltl  prosecution  for  failing  to  do  so,  and 
under  the  statute  this  duty  can  not  be  shifted  to  another,  and  the 
failure  to  properly  perform  the  duty  will  defeat  a  recovery  by  the 
miner  in  case  of  any  injury  caused  by  such  failure. 

Dasher  v.  Hockiiig  Min.  Co.,  212  Fed.,  628,  p.  629,  April,  1914. 

miner's  ASSUKPnON  OF  RISK  NOT  A  DEFENSE. 

Under  the  Pennsylvania  act  of  May  15, 1893  (Pa.  Laws,  78)  ^  requir- 
ing a  mine  operator  to  provide  space  sufficient  in  an  entry  to  permit 
the  driver  of  a  car  to  keep  clear  of  the  cars,  the  defense  that  the  miner — 
the  car  driver — assumed  the  risks  incident  to  the  employment  and  the 
risks  incident  in  operating  his  cars  in  a  tunnel  narrower  than  that 
prescribed  by  the  statute  can  not  be  interposed,  but  the  operator 
who  operates  his  mine  in  violation  of  the  statute  does  in  law  assume 
the  risks  therefrom. 

Smith  V.  Stoner  (Pennsylvania),  89  Atlantic,  795,  p.  796,  January,  1914. 

In  an  action  for  injuries  by  an  employee  caused  by  the  alleged 
violation  of  a  statutory  duty  on  the  part  of  the  employer,  the 
injured  employee  is  not  necessarily  precluded  from  recovery  because 
in  doing  the  work  he  voluntarily  adopted  a  way  which  was  known 
to  be  dangerous,  when  a  safer  way  was  known  and  open  to  him, 
as  in  such  cases  the  doctrine  of  assumption  of  risk  has  no  application. 

Sare  v.  Hoaclley  Stone  Co.  (Indiana  Appeals),  105  Northeastern,  582,  p.  585,  June, 
1914. 

BISKS  NOT  ASSTJMEB  BY  MINEB. 
BELIANCE  ON   OPERATOR'S   PERFORMANCE  OP  DUTY. 

While  a  miner  performing  the  work  assigned  him  in  a  mine  is 
bound  to  exercise  due  care  for  his  own  safety,  yet  he  may  assume, 
in  the  absence  of  notice  to  the  contrary,  that  the  mine  operator  and 
overseer  or  foreman  have  performed  their  duty  in  respect  to  the  care 
of  the  entry  where  he  is  working  and  that  the  operator  has  employed 
a  competent  and  practical  inside  overseer  or  mining  boss,  as  required 
by  the  statute,  whose  duty  it  is  to  keep  a  careful  watch  over  aU 
traveling  ways  and  see  that  as  the  miners  advance  their  excavations 
all  loose  coal,  slate,  and  rock  overhead  are  carefully  secured  against 
falling  in  or  upon  the  traveUng  ways,  and  a  miner  so  engaged  may 
rely  upon  the  presumption  that  the  mining  boss  has  performed  his 
duty,  and  the  statute  to  this  extent  entirely  shifts  the  risks  of  the 
employment  from  the  miner  to  the  operator. 

Baifldrenghlen  v.  Musouri,  etc.,  R.  Co.  (Kansas),  139  Pacific,  428,  p.  429,  March, 
1914. 
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RISK   OF   operator's    NEGLIGENCE    NOT  ASSUMED. 

The  statute  of  Indiana  (sec.  8580,  Bums,  1908)  specifically  imposes 
upon  the  operator  of  a  mine  certain  duties  to  secure  safety  to  the 
miners,  and  while  it  must  be  conceded  that  an  employee  who  is 
engaged  in  making  a  dangerous  place  safe  assumes  the  risk  attending 
that  particular  service  and  at  that  particular  place,  yet  he  does  not 
assume  risks  at  other  places  where  his  work  calls  him  or  where  he 
is  directed  to  go,  of  which  he  has  no  knowledge  and  where  the  defects 
or  dangers  could  only  be  observed  by  inspection,  nor  does  he  assume 
the  risk  occasioned  by  the  operator's  negligence. 

Domestic  Block  Coal  Co.  v,  Holden  (IndiaDa  AppeaJa),  103  Northeastern,  73,  p.  76, 
November,  1913. 

NEOUOENCB  OF  FELLOW  SERVANT— EFFECT. 

EMPLOYEE  OF  PROHIBITED  AGE — ^FELLOW-SERVANT  RULE. 

A  boy  under  16  years  of  age  employed  by  a  mine  operator  in  violarr 
tion  of  the  statute  of  Kentucky,  and  without  the  consent  of  his  father, 
is  entitled  to  recover  for  injuries  received  while  in  the  course  of  his 
employment  in  the  mine,  without  proof  of  negligence  on  the  part  of 
the  mine  operator;  and  in  an  action  by  such  youthful  miner  for 
injuries  the  fellow-servant  doctrine  can  not  be  interposed  as  a  defense. 

Steams  Coal  &  Lumber  Go.  v.  Toggle  (Kentucky),  161  Southwestern,  1112,  p. 
1113,  January,  1914. 

FELLOW-SERVANT  RULE  ABROOATED  BY  STATUTE. 

The  fellow-servant  act  of  Colorado  (R.  S.  1908,  sec.  2065)  makes  a 
coal-mine  operator  liable  for  the  injury  or  death  of  a  miner  when  in 
the  exercise  of  due  care,  caused  by  the  negligence  of  another  miner, 
and  in  an  action  for  the  death  of  a  miner  it  is  sufficient  to  impose 
a  liability  upon  the  mine  operator  under  the  statute,  to  show  that 
the  death  was  caused  by  the  negligence  of  a  fellow-servant;  and  a 
judgment  for  damages  will  be  upheld  where  the  evidence  shows  the 
death  was  caused  by  the  negligence  of  another  miner. 

National  Fuel  Co.  v.  Maccia  (Colorado),  139  Pacific,  22,  p.  23,  March,  1914. 

Under  the  fellow-servant  act  of  Colorado  that  makes  an  employer 
liable  for  the  injuries  or  death  of  an  employee  resulting  from  negli- 
gence of  a  coemployee,  an  employee  does  not  under  the  statute^  as 
a  matter  of  law,  assume  the  risk  of  the  future  unanticipated  negligence 
of  a  coemployee. 

National  Fuel  Co.  v,  Maccia  (Colorado),  139  Pacific,  22,  p.  24,  March,  1914. 
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NEOUGENCB  OF  MINB  FOBEICAN  OB  BOSS. 


Operator  LiIable — ^Instances. 
Operator  Not  Liable — ^Instances. 

operator  liable — ^instances. 

FOREMAN  REPRESENTS  OPERATOR. 

Under  the  statute  of  Pennsylvania,  act  of  June  10,  1907  (Pa, 
Laws,  523),  the  mine  foreman  represents  the  operator  and  the 
operator  is  liable  for  injuiy  to  a  miner  resulting  from  the  negligence 
of  a  foreman. 

Philadelphia  A  Reading  Coal,  etc.,  Co.  v.  Keslusky,  209  Fed.,  197,  p.  198,  Novem- 
ber, 1913. 

FAILURE  OF  FORBMAN  TO  WARN   MINER. 

A  mine  owner  and  operator  is  liable  for  the  negligence  of  a  mine 
foreman  under  the  Pennsylvania  statute  where  a  miner  in  obeying 
the  orders  of  the  mine  foreman  was  injured  by  an  explosion  of  dyna- 
mite caused  by  the  lamp  on  his  cap  igniting  a  squib  attached  to  the 
dynamite  that  the  mine  foreman  had  inserted  in  the  hole  under  which 
the  miner  was  required  to  pass  in  carrying  out  the  orders  of  the  fore- 
man, and  where  the  f orman  negligently  failed  to  warn  the  miner  of 
the  presence  of  the  squib  and  dynamite  in  time  to  avoid  the  explosion 
and  injury. 

Philadelphia  &  Reading  Coal,  etc.,  Co.  v.  Kesluelcy,  209  Fed.,  197,  p.  198,  Novemher, 
1913. 

NBeUOBNCB  OF  FOREMAN — ^DANGEROUS  PLACE. 

The  statute  of  Oklahoma  requires  a  mine  operator  to  provide  a 
mine  foreman  and  makes  it  his  duty  to  examine  every  working  place 
in  the  mine  at  least  once  every  day  and  to  securely  prop  such  working 
place  and  to  prevent  miners  from  working  in  any  unsafe  place  except 
for  the  purpose  of  making  the  place  safe,  and  a  mine  operator  is 
liable  for  an  injury  to  a  miner  resulting  from  a  violation  or  the  failure 
to  comply  with  these  provisions,  though  such  violation  is  due  to  the 
negligenee  of  the  mine  foreman;  and  a  judgment  for  damages  for 
the  death  of  a  miner  caused  by  such  failure  to  comply  with  the 
statute  will  not  be  reversed  on  appeal  because  of  an  error  in  an 
instruction  as  to  the  contributory  negligence  of  the  deceased  miner 
where  the  evidence  showed  not  only  a  failure  of  the  foreman  to  inspect 
the  mine  as  required  but  that  he  put  miners  to  work  in  the  mine  imme- 
diately after  water  was  pumped  out  of  the  shaft  before  the  shaft  was  dry 
and  when  ha  knew  that  the  shaft  was  not  in  a  safe  condition,  by  reason 
of  the  mine  having  been  recently  filled  with  water  and  standing  in 
that  condition  for  months  prior  to  the  accident,  and  that  timbers 
and  props  had  fallen  and  had  not  been  replaced  and  that  recent 
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blasting  in  the  mine  hail  weakened  the  roof,  where  it  was  also  shown 
that  the  roof  was  20  feet  from  the  bottom  of  the  drift  and  that  the 
deceased  miner  was  not  required  to  and  could  not  inspect  the  roof, 
and  where  such  instruction  though  inaccurate  or  erroneous,  when  ap- 
plied to  the  evidence  before  the  jury,  could  not  have  mislead  the  jury 
to  beUeve  their  duty  was  different  from  what  it  actually  was. 

Big  Jack  Min.  Co.  v,  Parkinson  (Oklahoma),  137  Pacific,  678,  p.  681,  December, 
1913. 

KNOWLEDGE   OF  NEOLIOENCE   OF   MINE   FOREMAN. 

Where  a  mine  operator  has  knowledge  through  his  superintendent 
or  otherwise  of  the  neglect  of  the  certified  mine  foreman  in  performing 
a  statutory  requirement  and  that  he  has  failed  to  furnish  props  to  a 
miner  on  demand,  as  required  by  the  statute,  and  the  operator  has 
knowledge  of  the  dangerous  condition  of  the  mine  by  reason  of  such 
neglect  of  the  mine  foreman,  he  may  he  held  liable  for  a  consequent 
injury  to  a  miner. 

Peters  t'.  Vesta  Coal  Co.  ( Pennsylvania) »  90  Atlantic,  65,  Januan%  1914. 

FAILURE   OF   FOREMAN   TO   DISCOVER   DANGEROUS   ROOF. 

If  a  clod  or  other  hard  substance  in  the  roof  of  a  mine  constituted  a 
dangerous  condition,  it  is  the  duty  of  the  mine  examiner  to  discover 
such  fact  and  mark  the  place,  and  if  conditions  in  the  mine  are  in 
fact  dangerous  the  owner  or  operator  can  not  excuse  himself  from 
liability  for  a  willful  violation  of  the  mines  and  miners'  act  of  Illinois 
if  he  fails  to  cause  the  places  where  the  dangerous  conditions  exist 
to  be  marked,  even  though  the  mine  examiner  may  have  examined 
such  places  and  in  good  faith  believed  that  the  conditions  were  not 
dangerous,  and  especially  where  it  is  known  that  a  clod  when  it  be- 
comes exposed  and  is  not  supported  is  liable  to  fall  in  a  certain  length 
of  time,  but  not  right  away. 

Piazzi  V.  Kerens- Donnewald  Coal  Co.  (Illinoip),  104,  Northeastern  200,  p.  201,  Feb- 
ruary, 1914. 

NEOUGENCE   OF  FOREMAN   EMPLOYED   BY  OPERATOR. 

The  statute  of  Pennsylvania  requires  a  mine  operator  to  place 
the  underground  workings  of  his  mine  in  charge  of  a  competent 
mine  foreman,  and  the  operator  is  not  liable  for  injuries  resulting 
from  the  negUgence  of  such  mine  foreman;  but  the  statute  does  not 
prevent  the  mine  operator  from  employing  a  mine  foreman  to  perform 
services  outside  of  the  duties  imposed  by  the  statute,  and  if  under 
such  an  employment  a  miner  is  injured  by  the  negligence  of  the  mine 
foreman  while  engaged  in  performing  his  duties  under  such  a  con- 
tract the  mine  operator  is  liable. 

Calusky  v.  Lehigh  Valley  Coal  Co.,  212  Fed.,  304,  p.  306,  March,  1914. 
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INCOICPETENT  INSPECTOR — ^FAILURE  TO  INSPECT  AND   REPAIR. 

Under  the  liability  act  of  Alabama  (Code,  sec.  3910),  if  the  duty  of 
inspection  is  intrusted  to  a  miner  and  is  not,  after  reasonable  time 
and  opportunity  are  afforded,  performed,  and  injury  to  another 
miner  proximately  results  therefrom,  the  omission  is  negligence  to 
liability,  unless  defeated  by  affirmative  evidence;  and  the  omission 
by  one  so  intrusted  to  exercise,  after  reasonable  time  and  oppor- 
tunity are  afforded,  due  care  and  diligence  to  make  the  necessary 
repairs  and  to  remedy  the  known  defect,  and  in  proximate  conse- 
quence thereof  a  miner  is  injured,  such  omission  is  negligence  to 
hability,  unless  defeated  by  affirmative  defense;  but  reasonable  time 
and  opportunity  to  discover  or  to  repair  after  discovery  are  factors, 
and  if  either  is  absent  negligence  is  not  shown. 

Eepey  v.  Cahaba  Coal  Co.  (Alabama),  64  Southern,  753,  p.  755,  February',  1914. 

FAILURE  TO  INSPECT  CABLE. 

A  court  can  not  say  as  a  matter  of  law  that  a  mine  operator  is  not 
liable  for  the  death  of  a  miner  caused  by  the  breaking  of  a  cable  used 
in  drawing  the  miners  out  of  the  mine,  on  the  ground  that  the  operator 
had  employed  a  certified  mine  foreman  as  required  by  the  statute 
of  Pennsylvania  and  had  placed  him  in  entire  charge  of  the  mine  work- 
ings, where  the  evidence  was  contradictory  as  to  whether  or  not  the 
mine  foreman  was  given  entire  charge  of  the  mine  workings  and  as 
to  whether  or  not  it  was  made  a  part  of  his  duty  to  inspect  the  cable, 
and  where  an  assistant  foreman  testified  that  he  did  not  have  charge 
of  the  cable  but  the  cable  was  inspected  by  the  engineer,  and  where 
it  appeared  that  the  engineer  had  no  authority  to  inspect  the  cable 
and  had  no  technical  knowledge  of  cables. 

Dodd  V.  Summit  Branch  Min.  Co.  (Pennsylvania),  88  Atlantic,  927,  p.  928,  June, 
1913. 

OPERATOR   NOT   LIABLE INSTANCES. 

FAILTTRB  TO  PROVIDE  PROPS. 

The  statute  of  Pennsylvania  (Pa.  Laws,  52)  makes  it  the  duty  of  a 
mine  foreman  to  see  that  all  dangerous  roofs  are  secured  against 
falling  and  that  sufficient  props  and  timbers  are  sent  into  the  working 
place  of  the  mine  when  required  for  that  purpose,  and  it  is  made  the 
duty  of  the  operator  or  his  superintendent  to  keep  on  hand  at  the  mine 
a  full  supply  of  all  materials  required,  and  where  a  mine  operator  has 
on  hand  the  necessary  timber  for  propping  the  roof  he  is  not  liable 
to  a  miner  injured  by  the  fall  of  the  roof  of  his  entry  due  to  the 
negligence  of  the  mine  foreman  in  failing  to  see  that  the  timbers 
were  furnished  to  the  miner. 

Peters  v.  Vesta  Coal  Co.  (Pennsylvania),  90  Atlantic,  65,  January,  1914. 
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FAILURE   OF   PIKE   BOSS  TO   DUK^OVBR    GAS. 


While  section  7381  of  the  Remington  and  Ballinger  Code  requires 
the  owner  or  operator  of  a  coal  mine  to  furnish  a  sufficient  amount 
of  ventilation,  and  requires  that  every  working  place  shall  be  exam- 
ined every  morning  by  a  competent  person  and  a  record  of  such  exam- 
ination made  in  a  book  kept  at  the  mine  for  that  purpose,  yet  the 
operator  is  stiU  responsible  for  such  further  care  as  the  common 
law  imposes  upon  him,  but  neither  the  statute  nor  the  common  law 
makes  a  fire  boss,  one  of  whose  duties  was  to  make  tests  for  gaases 
or  fire  damp  before  firing  shots,  a  representative  of  the  operator  in 
the  matter  of  <liscovering  the  presence  of  gas  or  fire  damp;  but  such 
a  fire  boss  is  a  fellow-servant  of  the  miner,  and  the  operator  is  not 
liable  for  his  failure  to  make  the  required  tests  for  the  presence  of 
gas  during  the  working  hours,  but  such  fire  boss  is  regarded  as  a 
fellow-«ervant  of  the  miner  and  the  operator  is  not  liable  to  the  injury 
caused  by  the  negligence  or  the  failure  of  such  fire  boss  to  make 
the  required  tests  with  a  view  of  determining  the  presence  of  gas. 

Pacific  Coast  Coal  Co.  v.  Brown,  211  Fed.,  Bfifl,  p.  873,  February,  1914. 
STATUTORY  ACTION  FOB  WBONOFUIi  DEATH. 
RIGHT   OF  ACTION    FOB   WRONGFUL  DEATH. 

The  common  law  furnishes  no  remedy  by  civil  action  for  the 
wrongful  death  of  a  person,  and  it  is  only  by  express  statutory  provi- 
sion tiiat  such  an  action  can  now  be  maintained. 

Man>ii€n  v.  Anaconda  Copper  Co.  (Montana),  136  Pacific,  968,  p.  969,  November, 
1913. 

ACTION    FOR   WRONGFUL  DEATH — DEFENSES   AVAILABLE. 

In  an  action  by  heirs  or  next  of  kin  against  a  mine  operator 
for  death  by  wrongful  act  or  neglect,  given  by  section  6486  of  the 
revised  codes  of  Montana,  where  the  death  was  caused  by  the  viola^ 
tion  of  another  section  of  such  revised  codes  imposing  a  criminal 
liability  for  its  violation,  the  defendant  is  not  limited  to  those  de- 
fenses only  tliat  would  be  valuable  to  him  in  a  criminal  action  in 
wliich  he  is  defendant,  in  a  prosecution  by  the  State  charging  the 
unlawful  killing,  but  in  such  an  action  a  defendant  may  plead  and 
prove  the  ordinary  defenses  available  in  actions  for  negligence. 

Miuronon  v.  Aruuxmda  CopiHT  To.  (Montana),  136  Pacific,  968,  p.  970,  November, 
1913. 

APPUCATION    OF  STATUTE. 

ScH»tion  6486  of  the  revised  codes  of  Montana  gives  to  certain  per- 
sons a  right  of  action  against  another  for  wrongful  death  where  a 
wrongful  act  or  neglect  w*as  the  proximate  cause  of  the  death,  and  the 
words  of  the  statxite,  "wrongful  act  or  neglect  of  another,"  imply 
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actionable  wrong  or  negligence  toward  the  deceased  and  not  a  wrong- 
ful act  or  neglect  toward  the  persons  given  the  right  to  maintain  the 
action;  and  such  an  action  accordingly  can  only  be  maintained  by  the 
persons  given  the  right  to  use  where  the  decedent  himself  could  have 
recovered  damages  had  he  survived  the  injury;  and  while  the  right 
of  action  given  by  this  section  to  the  heirs  or  personal  representatives 
is  independent  of  that  which  the  deceased  would  have  had  in  case 
of  his  survival,  yet  it  is  of  the  same  character  and  depends  upon  the 
same  facts. 

Maronen  v.  Anaconda  Copper  Co.  (Montana),  136  Pacific,  968,  p.  970,  November, 
1913. 

The  action  given  by  the  lUinois  statute  (Laws  of  1899,  p.  300)  for 
the  wrongful  death  of  a  miner  vests  primarUy  in  the  widow,  if  there 
is  one,  and  if  not,  then  in  the  lineal  heirs  or  adopted  children,  and  in 
default  of  these,  then  in  any  other  person  or  persons  dependent 
for  support  on  the  deceased  miner;  and  where  a  miner  who  lost  his 
life  in  a  coal  mine  left  a  father  and  mother  and  brothers  and  sisters 
the  right  of  action  under  this  statute  vests  in  the  father  and  mother 
alone,  and  as  the  right  of  action  is  purely  statutory  it  was  within  the 
power  of  the  general  assembly  in  conferring  the  right  to  determine 
who  should  be  authorized  to  bring  the  action  and  how  the  damages 
should  be  distributed,  and  in  either  case  the  right  conferred  is  to 
recover  the  whole  damages,  and  the  statute  authorizes  but  one  action 
and  one  recovery  for  the  entire  loss  and  damage  occasioned  by  the 
death. 

McFadden  p.  St.  Paul  Coal  Co.  (Illinois),  lOi  Northeastern,  314,  p.  315,  June,  1914. 
ACTION    BY    PARENT   FOR   DEATH   OF   SON — RECOVERY. 

Under  the  statute  of  Iowa  (Code,  sec.  3471 )  providing  that  a  father, 
or  under  Certain  circumstances  the  mother,  may  maintain  an  action 
for  the  expenses  and  actual  loss  of  service  resulting  from  the  injury 
or  death  of  a  minor  child,  the  word  ''expenses"  has  reference  to  the 
reasonable  cost  incurred  for  medical  attendance,  nursing,  and  includ- 
ing fit  or  suitable  burial,  and  a  general  statement  of  the  cost  of  funeral 
expenses,  in  the  absence  of  any  other  evidence,  wiU  not  justify  the 
submission  of  the  reasonable  expenses  thereof  to  a  jury. 

Oamego  v.  Crescent  Coal  Co.  (Iowa),  146  Northwestern,  38,  p,  39,  March,  1914. 

ACTION     FOR     WRONGFUL    DEATH — COMPROMISE     AND     SETTLEMENTS- 
EFFECT. 

A  father  and  mother  as  the  sole  heirs  of  a  miner  who  lost  his  life 
in  a  coal  mine  may  sue  the  operator  for  damages  imder  the  Illinois 
statute  (Laws  of  1899,  p.  300),  and  they  may  settle  and  compromise 
such  action  while  pending  and  release  the  cause  of  action,  and  such 
a  release  is  a  bar  to  any  subsequent  action  brought  by  an  admin- 
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istrator  of  the  deceased  miner  under  the  act  of  1853,  this  being  the 
general  act  authorizing  an  action  for  death  by  wrongful  act. 

McFadden  v.  St.  Paul  Goal  Go.  (Illinoia),  105  Northeastern,  314,  p.  315,  June,  1914. 

MINES  AND  MINING  OPERATIONS. 

NEOLIOENCE  OF  OPEBATOB. 

Pleading  and  Proving  Negligence — Presumptions. 

PLEADING  negligence — SUFFICIENCY  OP  PLEADING — USE  OF  EXPLO- 
SIVES. 

In  an  action  by  a  miner  for  injuries  caused  by  an  explosion  of 
dynamite  it  is  sufficient  for  the  complaint  to  charge  the  defendant's 
negligence  in  having  more  than  3,000  pounds  of  explosives  in  the 
mine,  in  having  explosives  stored  in  a  place  in  the  mine  where  escape 
would  be  cut  off  in  case  of  an  explosion,  in  having  explosives  stored 
at  and  near  the  shaft,  imperiling  the  Uves  of  persons  working  in  the 
shaft  in  case  of  an  explosion,  and  in  the  method  used  for  thawing 
dynamite  in  that  electricity  was  used  in  such  manner  and  to  such 
a  degree  that  the  dynamite  being  thawed  was  heated  to  excess; 
but  the  plaintiff  was  not  required  to  prove  negligence  in  all  the  par- 
ticulars alleged,  and  it  was  sufficient  if  the  evidence  introduced 
estabUshed  the  defendant's  negUgence  in  any  of  the  particulars, 
thereby  causing  the  injury  complained  of. 

West  Lake  v.  Keating  Gold  Min.  Co.  (Montana),  136  Pacific,  38,  p.  40. 
SPECIFIC   NEGLIGENCE   MUST   BE   PLEADED. 

An  allegation  in  a  complaint  in  an  action  for  an  injury  to  a  miner 
to  the  effect  that  the  foreman  directed  the  plaintiff  and  another  miner 
not  to  remove  a  large  rock  from  its  place  where  it  had  fallen  from  a 
hanging  wall  in  the  mine,  and  to  leave  aU  waste  matter,  including  the 
rock  in  the  stope,  is  not  sufficient  to  charge  the  defendant  operator 
with  any  specific  act  of  negUgence  where  it  appeared  from  the  evi- 
dence that  the  large  rock,  after  it  had  so  fallen  and  while  the  plaintiff 
and  the  other  miner  were  taking  out  the  mining  ore  from  the  stope, 
roUed  over  upon  the  plaintiff's  foot,  causing  the  injury  complained  of. 

Knauff  V.  Highland  Dev.  Go.  (Oregon),  136  Pacific,  846,  p.  847,  December,  1913. 

An  injured  miner  in  an  action  for  damages  is  not  required  to  allege 
in  his  complaint  the  specific  acts  of  negligence  of  omission  or  com- 
mission on  the  part  of  the  operator,  but  when  he  undertakes  in  his 
complaint  to  define  the  particular  negUgence  which  caused  the  injury 
his  declaration  must  be  tested  by  these  special  aUegations  in  that  re- 
spect, and  having  done  so  the  proof  must  correspond  to  these  allega- 
tions or  he  can  not  recover. 

Wyoming  Coal  Min.  Co.  v.  Stanko  (Wyoming),  138  Pacific,  182,  p.  183,  February, 
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USING   DEFECTIVE   APPLIANCES — PLEADING. 

In  an  action  by  an  injured  miner  caused  by  defectiTC  brakes  on 
coal  carSy  an  allegation  in  his  complaint  to  the  effect  that  the  operator 
did  not  furnish  or  provide  safe  machinery  and  appliances  with  which 
to  worky  and  did  not  repair  the  brake  and  appliances  upon  its  coal 
cars,  and  did  not  exercise  reasonable  care  in  the  furnishing  of  such 
coal  cars  and  appliances;  and  that  if  the  operator  had  exercised  due 
care  and  diligence  in  the  inspection  and  repair  of  its  coal  cars  the 
same  would  have  been  in  safe  condition;  and  a  further  allegation  to 
the  effect  that  at  the  time  of  furnishing  such  coal  cars  for  use  in  its 
mine  the  operator  knew,  or  by  the  exercise  of  proper  care  would  have 
known,  that  such  coal  cars  and  the  brakes  thereon  were  in  disrepair 
and  dangerous  and  imsafe,  and  that  by  reason  of  the  premises  the 
plaintiff  was  injured,  is  a  sufficient  charge  of  negligence;  in  failing 
to  repair  the  brake  and  in  negligently  furnishing  such  unrepaired 
cars  the  operator  violated  its  duty  to  furnish  reasonably  safe  appli* 
ances,  and  each  and  all  the  allegations  direct  the  attention  to  the  mat* 
ter  of  repair,  but  the  specific  allegations  that  the  cars  were  in  disre- 
pair negatives  the  idea  that  they  were  originally  defective  or  not 
sound  and  good. 

Wyoming  Coal  Min.  Co.  v.  Stanko  (Wyoming),  138  Pacific,  182,  p.  183,  February, 
1914. 

SUFFICIENCY   OF  SPECIAL   FINDINGS. 

In  an  action  by  a  miner  for  injuries  caused  by  the  alleged  negli* 
gence  of  the  operator  in  its  failiire  to  examine  and  inspect  the  coal 
cars  and  thereby  discover  their  unsafe  condition,  a  finding  by  the 
jury  to  the  effect  that  the  cars  had  been  in  disrepair  for  some  defi- 
nite length  of  time  before  the  accident  would  not  be  sufiicient  to 
entitle  the  plaintiff  to  recover  in  the  absence  of  a  finding  that  the 
oj>erator  had  knowledge  of  the  defective  condition  of  the  cars,  or  a 
finding  to  the  effect  that  such  defect  existed  for  a  sufi^cient  length  of 
them  under  all  the  circumstances  for  the  operator  to  have  discovered 
the  defects  by  the  exercise  of  reasonable  diUgence. 

Wyoming  Coal  Min.  Co.  v.  Stanko  (Wyoming),  138  Pacific,  182,  p.  183,  February, 
1914. 

SUFFICIENCY   OF   COMPLAINT   BY   INJURED   MINER. 

A  complaint  by  an  injured  miner  against  a  mine  operator  after 
averring  the  relationship  between  plaintiff  and  the  defendant  is  sufficient 
where  it  avers  that  the  plaintiff  while  in  the  discharge  of  his  duty 
under  his  employment  was  riding  on  a  car  in  a  certain  entry  of  the 
mine  and  was  thrown  from  such  car,  dragged  and  crushed  and  per- 
manently injured,  all  of  which  was  proximately  caused  by  a  defect  in 
the  condition  of  defendant's  ways,  works,  machinery,  or  plant,  in 
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that  the  roof  of  the  mine  at  the  point  where  plaintiff  was  injured  in 
such  entry  was  so  def ectiye  that  it  caught  the  plaintiff  between  the 
car  and  such  roof,  inflicting  the  injuries  complained  of. 

Chocktaw  Coal  A  Min.  Co.  v.  Moore  (Alabama),  e3  Southern,  558,  p.  559,  November,  1913. 
INJXJKY   FBOM   CAB   UPSETTING — PLEADING   AND   PROOF. 

A  miner  injured  while  loading  a  car  which  he  himself  was  fiWiTig 
by  the  car  tipping  over  on  him  is  entitled  to  recover  damages  on  the 
groimd  of  alleged  negligence  in  that  the  operator  failed  to  put  under 
the  rails  of  the  track  a  sufficient  number  of  ties  to  hold  the  track  in 
place  and  failed  to  properl j  nail  or  fasten  the  rails  to  the  ties,  thereby 
causing  the  car  as  it  was  loaded  with  coal  or  dirt  to  tip  over;  and  a 
recovery  can  not  be  denied  because  the  proof  shows  that  the  specific 
negligence  causing  the  injury  was  the  failure  of  the  operator  to  put 
another  tie  at  or  near  the  end  oi  the  rails,  causing  the  car  to  tilt 
endwise  rather  than  sidewise,  caused  by  the  track  going  down  at 
the  end  rather  than  becoming  lower  upon  one  side  than  upon  the 
other,  as  alleged;  and  it  can  not  be  regarded  as  a  fatal  variance 
where  the  general  allegation  of  the  pleading  was  sufficient  to  show 
that  the  injury  was  caused  by  the  operator's  failing  to  furnish  a  safe 
and  secure  track  on  which  to  operate  the  cars. 

Thorton  v.  American  Zinc,  Lead  A  Smelting  Co.  (Miasoim  Appeals),  163  South- 
western, 293,  p.  294,  November,  1913. 

PROOF  OF   NEGLIGENCE. 

In  an  action  against  a  mine  operator  for  damages  for  the  death  of 
a  miner  on  the  ground  of  alleged  negligence  it  is  not  suffident  as  a 
basis  of  recovery  merely  to  prove  negligence  and  injury,  but  it  is 
necessary  to  show  that  the  proven  injury  was  the  natural  and  proxi- 
mate result  of  the  proven  negligence ;  and  the  mere  proof  of  the  negli- 
gent removal  of  a  prop  supporting  the  roof  of  a  mine  is  insufficient  to 
sustain  an  action  where  it  appeared  that  the  prop  was  7  or  8  feet  from 
the  rock  that  fell,  and  where  there  was  a  hiU  seam  between  the  prop 
and  the  rock  and  the  break  stopped  at  the  hill  seam  between  the  prop 
and  the  rock,  and  where  it  appeared  that  the  prop  was  removed  on 
Saturday  and  the  accident  took  place  on  the  following  Tuesday. 

CookeJellico  Coal  Co.  v.  Richardson  (Kentucky),  161  Southwestern,  637,  p.  539, 
December,  1913. 

EVIDENCE   AS   TO   CAUSE   OF   EXPLOSION. 

In  an  action  by  a  miner  for  injuries  caused  by  an  explosion  of  dy- 
namite it  is  proper  to  show,  under  an  allegation  of  negligence  in  the 
method  of  thawing  dyaamite,  that  the  d3mamite  was  thawed  by 
electricity  and  electric  bulbs  inserted  in  the  thawer,  and  tliat  by 
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reason  thereof  the  dynamite  was  frequently  overheated  and  when 
in  such  condition  would  explode  from  a  jar  or  concussion  such  as 
would  be  caused  from  the  bursting  of  an  electric-light  bulb,  and  that 
in  the  thawing  of  the  dynamite  moisture  suifficient  might  be  generated 
to  cause  an  electric-light  bulb  to  explode,  the  concussion  being  suffi- 
cient to  explode  the  oyerhcated  dynamite.  The  admissibility  of  such 
evidence  is  based  on  the  proposition  that  if  theijpllapse  of  an  electric 
bulb  was  a  matter  to  be  reasonably  anticipated,  and  if  such  a  collapse 
would  suffice  to  explode  dynamite  heated  to  a  degree  possible  in  a 
thawer,  then  it  was  neghgence  in  the  operator  to  employ  a  system  of 
thawing  in  which  these  conditions  might  occur. 

West  Lake  t;.  Keating  Gold  Min.  Co.  (Montana),  136  Pacific,  38,  p.  43,  October,  1913. 
EYIDEKCE  AS  TO  THE  USE  OF  ELECTRICITY  FOR  THAWING  DYNAMITE. 

In  an  action  by  a  miner  for  injuries  caused  by  an  explosion  of  dy- 
namite under  a  charge  of  negligence  in  the  method  of  thawing  dyna- 
mite by  electricity,  evidence  is  inadmissible  to  show  that  electricity 
was  not  employed  in  other  or  similar  mines  as  a  thawing  agency; 
but  such  evidence  is  admissible  imder  a  general  charge  that  the  use 
of  electricity  for  thawing  dynamite  is  negligence,  without  regard  to 
the  manner  of  its  use. 

WeetLakei;.  Keating  Gold  Min.  Co.  (Montana),  136  Pacific,  38,  p.  43,  October,  1913. 
£XFZBT  EVIDENOB   AS  TO   METHODS  OF  THAWING  DYNAHrFE. 

In  an  action  by  a  miner  for  injuries  caused  by  an  explosion  of 
dynamite  where  the  method  of  thawing  the  dynamite  was  shown  and 
where  the  evidence  showed  that  in  the  method  used  the  dynamite 
was  frequently  overheated  to  such  extent  that  it  was  dangerous  to 
use,  it  is  competent  to  show  by  the  opinions  of  qualified  persons 
whether  the  method  employed  for  thawing  the  dynamite  was  safe  or 
otherwise. 

West  Lake  f.  Keating  Gold  Min.  Go.  (Montana),  136  Pacific,  38,  p.  43,  October,  1913. 
PROOF  OF  KEQLIOENCE — CIBCUMSTANTIAJL  EVIDENCE. 

It  is  the  duty  of  a  mine  operator  to  furnish  its  miners  a  safe  working 
place,  and  it  is  sufficient  where  an  operator  directed  a  miner  to  work 
in  a  room  in  which  no  work  had  been  done  for  several  da3rs  and 
where,  after  draining  out  the  water  that  had  collected  in  the  room, 
the  miner  undertook  in  the  discharge  of  his  employment  to  dig  up 
a  ledge  of  coal  in  the  bottom  and  near  the  face  of  the  room,  and 
while  so  digging  his  pick  struck  dynamite  or  other  explosive,  which 
was  thereby  exploded  and  by  reason  of  which  the  miner  was  injured, 
to  show  that  the  operator  did  not  furnish  the  miner  a  safe  working 
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place  as  was  its  duty;  and  direct  proof  of  negligence  in  such  a  case 
is  not  required  but  may  be  established  from  the  circumstances  and 
from  the  fact  that  the  miner  was  put  to  work  in  a  room  of  a  mine  in 
which  unexploded  charges  had  been  left.  That  there  is  a  well-known 
practice  of  using  explosives  in  mining  coal,  that  an  explosion  did 
occiir  when  the  miner  struck  into  the  coal  with  his  pick,  are  sufficient 
circumstances  to  s^w  a  prima  facie  case  of  negligence  and  to  es- 
tablish the  negUgence  of  the  operator  in  failing  to  furnish  the  miner 
a  safe  working  place. 

Broeeghini  v.  Sheridan  Coal  Co.  (Kansas),  139  Pacific,  1025,  p.  1026,  Apzil,  1914. 

QUESTION  OF  FACT. 

The  owner  and  operator  of  a  coal  mine  is  not  as  a  matter  of  law 
liable  for  an  injury  to  a  slate  picker  at  a  coal  tipple  who  was  called 
from  his  regular  duty  in  the  morning  before  daylight  to  assist  in 
adjusting  a  belt  to  a  large  pulley  wheel  operated  by  electricity  and 
was  injured  by  a  sudden  and  repeated  starting  of  the  wheel,  but  the 
question  of  negligence  in  such  case  is  one  of  fact  to  be  determined 
by  a  jury  in  connection  with  all  the  facts  and  circmnstances  of  the 
case. 

Valley  Camp  Coal  Co.  v.  Kucewicz,  211  Fed.,  953,  p.  954. 

Li  an  action  by  a  miner  for  personal  injuries  ordinarily  the  question 
of  negligence  of  the  mine  operator  is  one  for  the  jury,  and  it  is  only 
when  the  facts  are  imdisputed  and  are  such  that  reasonable  men  can 
fairly  draw  but  one  conclusion  from  them  that  the  question  of  negli- 
gence is  ever  considered  one  of  law  for  the  court. 

Camey  Coal  Co.  v.  Benedict  (Wyoming),  140  Pacific,  1013,  p.  1015,  May,  1914. 

PRESUMPTION   OF  NEGLIOSNCE. 

Li  an  action  against  a  mining  corporation  for  the  death  of  an 
employee  caused  by  an  electrical  current  while  attempting  to  use 
a  pump  operated  by  electricity  in  the  defendant's  plant,  while  the 
question  of  negligence  on  the  part  of  the  mining  company  is  a  question 
of  fact  to  be  determined  by  the  jury,  yet  where  the  cause  of  the  death 
can  not  be  certainly  shown,  and  where  it  can  not  be  attributed  to 
mistake,  neglect,  or  misconduct  on  the  part  of  the  deceased,  and 
where  the  pump,  the  thing  which  caused  the  injury,  was  shown  to  be 
imder  the  exclusive  control  of  the  defendant,  a  presumption  of  negU- 
gence arises  and  the  circumstances  afford  reasonable  evidence  in  the 
absence  of  explanation  by  the  defendant  that  the  accident  arose 
from  want  of  care. 

Hill  V.  Pacific  Gas  &  Electric  Co.  (California),  136  Pacific,  492,  p.  499,  November, 
1913. 
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In  an  action  by  an  employee  who  was  injured  while  assisting  in 
drilUng  an  oil  well,  where  the  injury  was  caused  by  the  fall  of  the  roof 
of  a  derrick,  and  where  it  appears  that  the  roof  fell  because  of  the  giv- 
ing away  of  certain  nails  driven  through  the  end  of  the  ridgepole  into 
the  derrick  timbers,  and  where  it  appears  that  the  derrick  and 
machinery  w^ere  being  used  by  the  oil  company  in  the  ordinary  and 
proper  way  and  while  no  defectiveness  or  iQsecurity  of  the  roof  or  its 
fastenings  had  been  observed  from  casual  observance,  yet  the  com- 
pany is  not  excused  by  the  mere  fact  that  the  derrick  had  been 
constructed  in  the  usual  manner  and  was  at  the  time  of  its  construc- 
tion in  a  safe  condition;  but  its  duty  was  to  use  due  care  to  maintain 
such  condition,  and  that  the  falling  of  the  roof  imder  such  circum- 
stances and  the  consequent  injury  to  the  employee  was  sufficient 
to  establish  a  prima  facie  case  of  negligence,  and  under  the  circum- 
stances the  jury  had  a  right  to  find  that  the  employee  received  his 
injury  by  reason  of  negligence  of  the  employer  and  while  he  was  en- 
gaged in  his  ordinary  duties  and  without  fault  or  negligence  on  his 
part. 

Ingalls  V.  Monte  Cristo  Oil  A  Develppment  Go.  (Oalifornia),  139  Pacifir,  97,  p.  100, 
March,  1914. 
Bioseghini  v.  Sheridan  Goal  Go.  (Kansas),  139  Pacific,  1025,  April,  1914. 

INJURIES   FROM   ESCAPINO  OIL — JUDICIAL   NOTICE. 

In  an  action  by  the  owner  of  cattle  killed  and  injured  by  drink- 
ing water  into  which  oil  had  escaped  and  flowed  from  the  pipe  line 
of  the  defendant  company  the  court  can  not  take  judicial  notice 
that  the  oil  was  poisonous  or  otherwise  of  such  a  character  as  would 
when  drunk  result  in  the  injury  or  death  of  the  cattle,  and  in  the 
absence  of  proof  to  thld  effect  that  the  oil  was  poisonous  or  would 
produce  death  or  injury  to  cattle  drinking  water  impregnated  with 
the  oil  there  can  be  no  recovery. 

Texas  Co.  v.  Earles  (Texas  Givil  Appeals),  164  Southwestern,  28,  p.  30,  February, 
1914. 

ADMISSABILITY  OP  DECLARATIONS   AS  TO   CAUSE   OP   INJURY. 

In  an  action  against  a  mine  operator  for  the  death  of  a  car  driver 
caused  by  being  caught  between  a  loaded  car  and  the  walls  of  the 
tunnel  or  haulage  way,  statements  as  to  the  cause  of  the  injury 
made  by  the  injured  miner  shortly  after  the  accident  and  while  he 
was  still  lying  at  the  place  where  the  injury  was  inflicted  and  while 
suffering  great  bodily  pain  are  admissible  in  evidence  as  a  part  of  the 
res  gestae,  as  in  such  case  it  is  reasonable  to  conclude  that  the  injured 
miner  had  opportunity  to  deliberate  and  design,  such  as  to  take  from 
his  utterances  the  impress  of  spontaneity. 

Smith  V.  Stoner  (Pennsylvania),  89  Atlantic,  795,  p.  797,  January,  1914. 
Sams  V.  Grey  (Kentucky),  161  Southwestern,  653,  December,  1913. 


S2  CUBBENT  DECISIONS  ON   MINES  AND  MINING. 

DEOBBE  OF  CABB  BBQUZBBD. 
CABE   AND  DILIGENCE — DEGREE. 

A  far  higher  d^ree  of  care  and  diligence  is  demanded  of  the 
mine  operator  who  places  his  miners  at  work  digging  coal  beneath 
the  overhanging  masses  of  rock  and  earth  in  the  mine  than  of  the 
master  who  places  his  employees  at  work  on  the  surface  of  the  earth 
where  such  dangers  are  not  to  be  apprehended;  and  a  reasonably 
prudent  man  would  exercise  greater  care  and  watchfulness  in  the 
former  than  in  the  latter  case,  and  in  such  cases  the  rule  applies 
that  the  greater  the  danger  a  reasonably  intelligent  and  prudent  man 
would  apprehend  the  higher  is  the  degree  of  care  and  diligence  the 
master  must  exercise. 

Big  HiU  Coal  Co.  v.  Outts,  208  Fed.,  524,  p.  526,  November,  1913. 

The  duty  of  a  mine  operator  to  use  ordinary  care  to  provide  a 
reasonably  safe  place  for  a  miner  to  work  necessitates  the  exercise 
of  more  care  than  would  be  required  to  discover  defects  in  the  roof 
of  such  a  character  as  to  be  readily  discoverable  by  ordinary  inspec- 
tion. 

Victor-American  Fuel  Co.  v.  Peccarich,  209  Fed.,  568,  p.  571,  November,  1913. 

It  is  the  duty  of  an  operator  of  a  coal  mine  to  exercise  reasonable 
care  and  prudence  to  provide  his  servants  with  a  reasonably  safe 
place  in  which  to  work,  with  reasonably  safe  material  upon  which 
to  work,  and  suitable  and  competent  fellow-servants;  but  it  is  not 
error  for  a  court  in  an  action  by  an  injmred  miner  against  a  mine 
owner  for  damages  to  instruct  the  jury  to  the  effect  that  it  was  the 
duty  of  the  defendant  to  funush  the  plaintiff  a  reasonably  safe 
place  in  which  to  work,  reasonably  safe  appliances  and  machinery 
with  which  to  work,  and  a  reasonably  safe  track  over  which  the  cars 
were  to  be  hauled,  and  a  failure  to  do  so  was  negligence  for  which 
he  was  liable,  as  it  was  not  the  intention  of  the  court  by  such  instruc- 
tion to  impose  upon  the  operator  any  duty  higher  than  that  of  the  use 
of  ordinary  or  reasonable  care  under  all  the  circumstances  to  furnish 
such  safe  place  and  appliances. 

Great  Western  Coal  &  Coke  Co.  v,  Malone  ^Oklahoma),  136  Pacific,  403,  p.  406, 
November,  1913. 

NEGLIGENCE   AND  ORDINARY  CARE  DEFINED. 

Negligence  is  defined  as  the  doing  of  a  thing  that  a  reasonably 
prudent  person  would  not  do  under  the  circumstances  surrounding 
him  at  the  time,  or  it  is  the  omission  to  do  a  thing  that  a  reasonably 
prudent  person  would  do  under  the  cncumstances.  The  degree  of 
oare  required  in  any  given  case,  to  arold  the  imputation  of  negligence, 
is  ordinary  care,  and  the  law  interprets  ordinary  care  to  be  that  degree 
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of  care  which  a  person  of  ordmary  prudence  under  the  particular 
circumstances  is  presumed  to  exercise  to  avoid  injury,  and  such  care 
is  required  to  be  in  proportion  to  the  danger  to  be  avoided  and  the 
fatal  consequences  that  may  result  from  neglect. 

Shirley  Coal  Co.  v,  Moore  (Indiana),  103  Northeastern,  802,  p.  804,  January,  1913. 

EXTENT  OF   LIABILriT. 

A  mine  operator  is  not  an  insurer  of  the  safety  of  his  miners,  but 
it  is  his  duty  to  use  ordinary  care  for  the  miners'  safety,  and  he  ia 
liable  where  a  miner  is  injured  by  a  defect  in  the  place  of  work,  when 
the  operator  knows,  or  by  ordinary  care  should  have  known  of  the 
defect. 

Williamson  v.  Bluegraas  Flourspar  Co.  (Kentucky),  160  Southwestern,  920,  p.  921^ 
November,  1913. 

MAINTAININa  DANGEBOUS  PI4ACE. 
DUTT  TO  rUKNISH   SAFE   WOBKINO   PLACE   NONDELEGABLE.    ' 

It  is  the  duty  of  a  mine  operator  to  furnish  a  safe  working  place 
for  his  miners  in  which  to  work  and  it  is  his  duty  to  continue  to  keep 
the  place  safe,  and  this  duty  is  one  which  can  not  be  deldgated  by  the 
master  so  that  the  employee  engaged  to  do  the  work  of  making  the 
premises  safe  is  to  be  treated  as  a  fellow-servant  of  those  who  are 
enployed  and  engaged  in  the  general  work  for  which  the  premises 
are  intended. 

Panela  v.  Castile  Min.  Co.  (Michigan),  144  Northwestern,  528,  p.  533,  December. 
1913. 

The  rule  that  an  employer  owes  to  his  employee  the  nondelegable 
duty  to  exercise  reasonable  care  to  furnish  his  employee  a  reason- 
ably safe  place  to  work  apphes  to  mining  operations,  and  the  pecuUarly 
dangerous  conditions  imder  which  mining  operations  are  carried  on 
make  the  duty  of  providing  a  safe  place  to  work  unusuiilly  pertinent 
as  the  more  hazardous  the  employment  the  greater  would  be  the  care» 

Daehner  v.  Hocking  Min.  Co.,  212  Fed.,  628,  p.  631,  April,  1914. 

It  is  the  duty  of  a  mine  operator  to  use  reasonable  care  to  furnish 
a  miner  a  reasonably  safe  place  in  which  to  work,  and  this  duty 
being  material  in  character  can  not  be  delegated,  and  the  person 
to  whom  such  duty  is  intrusted,  or  who  as  a  part  of  his  work  assimies 
to  do  it  with  the  operator's  knowledge  and  consent,  is  not  a  fellow- 
servant  with  the  miner  engaged  simply  as  such,  having  no  duty  to 
perform  as  to  the  roof  of  the  mine  in  which  he  was  working. 

Looney  v.  Garfield  Coal  Co.  (Iowa),  147  Northwestern,  129,  p.  130,  May,  1914. 
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SAFE   PLACE — APPLICATION   OF  DOCTRINE. 

A  mine  operator  is  not  liable  for  the  death  of  a  miner  performing 
the  work  of  a  "hitch  cutter ''  whose  duty  consisted  in  cutting  holes 
called  "hitches"'  in  the  rock  of  the  footwall  of  a  stope  or  timnel  of 
the  mine  for  the  purpose  of  receiving  the  lower  ends  of  pieces  of 
timber  set  upright  and  driven  tight  against  the  top  or  hanging  wall 
or  stope  to  prevent  rock  from  fallings  where  it  was  the  duty  of  such 
hitch  cutter  to  assist  in  making  the  working  place  safe  and  to  examine 
and  see  that  everything  was  safe  before  going  to  work,  and  in  case 
the  place  was  not  safe  he,  with  his  assistant,  should  take  time  to 
make  it  safe,  where  men  were  furnished  to  assist  in  making  such  place 
safe,  and  where  it  appeared  that  the  deceased  miner  and  his  partner 
were  fully  convinced  that  the  place  was  safe  to  go  to  work  in  and  the 
head  timberman  informed  the  deceased  miner  that  he  and  his  partner 
could  go  to  work  as  everything  was  safe,  as  in  such  case  the  miners 
were  authorized  and  were  expected  to  judge  for  themselves  as  to  the 
safety  of  the  place  and  were  competent  to  do  so  and  placed  no  reli- 
ance upon  the  judgment  of  any  other  employee,  and  under  the  cir- 
cumstances the  doctrine  of  safe  place  and  the  duty  of  the  operator 
in  that  behalf  does  not  apply. 

Andrews  r.  Tamarack  Min.  Co.  (Michigan),  146  Northweetern,  394,  March,  1914. 
CONTINUING   DLTY   TO    KEEP   WORKING    PLACE   SAFE. 

The  duty  of  a  mine  operator  to  use  reasonable  care  to  provide 
reasonably  safe  places  for  his  servants  to  work  is  a  continuing  one 
and  the  mine  operator  does  not  discharge  his  duty  in  this  regard  by 
providing  a  safe  place  in  the  first  instance  and  then  remaining  passive, 
but  he  must  supervise,  examine,  and  inspect  as  often  as  custom  and 
experience  require,  and  at  all  times  use  ordinary  care  to  keep  the 
working  places  in  his  mine  in  a  reasonably  safe  condition  where  this 
duty  does  not  rest  upon  the  miner  himself. 

Shirley  Coal  Co.  r.  Moore  (Indiana),  103  Northeastern,  802,  p.  804,  January,  1913. 
LIABILITY   WHERE    ACCIDENTS   CAN   NOT  BE    ANTICIPATED. 

A  mine  operator  is  chargeable  with  knowledge  of  all  dangers  to 
miners  in  the  bottom  of  a  shaft  which  are  hable  to  result  from  the 
methods  employed  in  timbering  the  shaft,  which  would  be  known 
to  a  person  of  reasonable  skill  and  experience  in  the  work  and  busi- 
ness of  timbeiing  shafts;  and  if  reasonable  care  was  not  used  to  pro- 
tect miners  from  injuries  due  to  objects  falling  down  the  shaft  it 
would  not  excuse  a  mine  operator  that  he  had  given  instructions  to 
the  timbermen  to  use  such  care  for  the  miner's  protection,  as  this  was 
a  duty  that  the  operator  could  not  impose  on  any  other  person  so 
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as  to  escape  responsibility,  but  under  such  circumstances  a  mine 
operator  can  not  be  held  liable  as  for  negligence  in  omitting  to  guard 
agiunst  accidents  that  are  not  likely  to  happen  and  that  even  a 
prudent  man  would  not  have  been  Ukely  to  anticipate,  and  where 
the  injury  occurs  to  a  miner  by  the  f  aUing  of  timbers  used  in  timber- 
ing a  shaft  it  is  a  fair  question  to  be  submitted  to  the  jury  whether  the 
accident  can  be  said  to  be  one  which  even  a  prudent  man  would  have 
been  likely  to  anticipate. 

Eaaro  v.  Ahmeek  Min.  Co.  (Michigan),  146  Northwestern,  149,  p.  155,  March,  1914. 
INJURY  FBOM  FALL  OF  EOOF — BLASTING  OUT  PILLASS. 

A  mine  operator  is  Uable  for,  the  negligence  of  its  employees  in 
blasting  out  piUars  and  thereby  loosening  and  making  dangerous 
the  roof  of  a  mine  and  causing  an  injury  to  a  miner  who  had  been 
directed  to  wall  up  a  certain  entry  connecting  the  mine  with  an  old 
mine  to  keep  out  black  damp  emitted  from  fire  in  such  old  mines 
though  the  injured  miner  had  temporarily  left  his  work  and  gone 
some  distance  to  adjust  and  replace  a  temporary  curtain  extended 
across  such  entry  to  keep  out  such  fire  damp  and  which  had  been 
displaced  by  reason  of  such  blasting. 

Victor- American  Fuel  Co.  v.  Peccarich,  209  Fed.,  668,  p.  571,  November,  1913. 
DANGEROUS   ROOF — DUTY   TO   WARN   MINER. 

Where  a  mine  operator  has  knowledge,  or  might  obtain  knowledge 
by  an  inspection,  of  a  defective  condition  of  roof  of  his  mine  where 
one  of  his  miners  is  required  to  work,  which  renders  the  place  unsafe 
and  dangerous,  and  the  defect  is  such  that  it  can  not  be  readily 
detected  by  the  miner,  the  operator  is  bound  to  inform  him  of  the 
situation,  and  a  failure  so  to  do  will  make  him  Uable  to  respond  in 
damages  to  the  miner  if  he  is  injured  by  reason  of  the  defective  con- 
dition of  his  working  place. 

Domestic  Block  Coal  Go.  v.  Holden  (Indiana  Appeals),  103  Northeastern,  73,  p.  75, 
November,  1913. 

STORING   EXPLOSIVES. 

In  an  action  by  a  miner  for  injuries  caused  by  an  explosion  of 
dynamite  it  is  sufficient  to  allege  that  the  dynamite  was  negligently 
stored  at  a  place  where,  should  an  explosion  occur,  the  hf  e  of  the  plain- 
tijBP  and  other  persons  working  in  that  shaft  would  be  imperiled,  as 
such  an  allegation  is  sufficient  to  invoke  the  doctrine  of  the  operator's 
obligation  to  use  reasonable  care  to  furnish  his  employees  with  a  rea- 
sonably safe  place  in  which  to  work;  and  this  is  particularly  true  where 
all  the  facts  relating  to  the  storing,  such  as  the  particidar  point 
where  the  plaintiff  was  working,  the  precise  place  where  the  dynamite 
was  stored,  with  the  stated  distance  from  the  thawer  in  which  the 
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dynamite  was  being  heated,  and  where  it  is  clearly  made  to  appear 
that  the  place  where  the  plaintiff  was  working  was  not  a  safe  place 
if  an  explosion  occurred. 

Weet  Lake  v,  Keating  Gold  Min.  Co.  (Montana),  136  Pacific,  38,  p.  41,  October,  1913. 

TIMBERINO. 

After  a  coal  mine  is  once  opened  and  timbered  it  is  the  duty  of  the 
owner  or  operator  to  use  reasonable  care  and  diligence  to  see  that 
the  timbeis  are  properly  set  and  to  keep  them  in  proper  repair. 

Big  Hill  Coal  Co.  v.  CIuUb,  206  Fed.,  524,  p.  526,  November,  1913. 

FAILUBE  TO  TIMBER — PROXIMATE   CAUSE. 

In  an  action  by  a  miner  for  injuries  received  while  working  in  his 
stope,  an  all^ation  that  the  injury  was  received  by  reason  of  the  mine 
operator's  failure  to  timber  the  stope  is  not  sustained  where  the 
proof  shows  that  the  absence  of  such  timbering  was  not  the  proximate 
cause  of  injury  complained  of,  where  the  evidence  showed  that  the 
rock  producing  the  injury  had  fallen  from  the  hanging  wall  long  before 
the  injury  was  received. 

Knauff  V.  Highland  Dev.  Co.  (Or^on),  136  Pacific,  846,  p.  847,  December,  1913. 
DITTY   TO  TIMBER   MINE — MAKINO   PLACE   SAFE. 

A  mine  operator  must  timber  up  liis  mine  and  use  ordinary  care 
to  keep  it  reasonably  safe  for  the  use  of  his  miners;  but  he  must  have 
men  to  so  timber  the  mine,  and  when  a  mine  operator  sends  in  one 
set  of  men  to  timber  up  a  mine  he  is  not  required  to  first  send  another 
set  of  men  to  make  the  place  safe  for  them;  and  men  engaged  in  such 
work  must  understand  that  they  are  putting  in  the  timbers  to  make 
the  mine  safe,  and  a  mine  operator  is  not  liable  for  the  death  of  a 
timberman  sent  with  others  to  timber  up  a  part  of  the  mine  and  to 
make  it  safe  for  miners  to  work,  where  the  danger  was  a  hidden  one 
unknown  to  the  mine  operator  and  not  discoverable  by  ordinary  care. 

Williamson  v.  Bluegraes  Fluorspar  Co.  (Kentucky),  160  Southwestern,  920,  p,  923, 
November,  1913. 

INSPECTION   OF   ENTRIES. 

A  mine  operator  owes  the  miner  the  duty  of  exercising  reasonable 
care  to  make  the  entries  in  his  mine  reasonably  safe,  where  the  miner 
himself  is  not  required  to  inspect  or  keep  safe  such  entries;  and  this 
rule  applies  to  miners  employed  by  an  independent  contract  under 
contract  with  the  operator  to  mine  coal,  where  his  employees  are 
required  to  pass  through  the  entries  maintained  and  inspected  by 
the  operator. 

Big  Hill  Coal  Co.  v.  Clutts,  208  Fed.,  524,  p.  527,  November,  1913. 
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FAILTTBE  TO   FURNISH   SAFE  FLAGS — INJURY  TO   BONER. 

It  is  the  duty  of  a  mine  operator  to  furnish  his  miners  a  reasonably 
safe  place  in  which  to  perform  their  work  and  to  take  the  proper  pre- 
cautions and  use  reasonable  care  to  guard  against  injuries  to  the 
mineiSy  and  if  injury  occurs  on  account  of  the  failure  of  the  mine 
operator  to  discharge  this  duty  and  the  injured  miner  is  without 
fault  the  operator  wiU  be  liable. 

Shirley  Coal  Co.  v.  Moore  (Ihdia&a)i  103  Northeastern,  802,  p.  804,  January,  1913. 

LTVB   ELECTRIC   WIRES. 

A  mine  operator  is  guilty  of  actionable  negligence  in  case  of  result- 
ing injury  in  the  use  of  electricity  in  his  mine  by  means  of  an  un- 
insulated wire  or  other  appliances  where  he  knows  any  person  may 
for  any  reason  come  in  contact  with  it  without  knowledge  of  the  use 
to  which  the  appEcance  is  devoted;  and  such  a  use  is  tantamount  to 
the  placing  of  a  deadly  mine  or  trap,  however  free  the  user  may  be 
from  wrongful  intent,  and  the  silent,  latent,  deadly  electrical  power 
of  a  live  wire,  giving  no  warning  of  its  presence  through  hearing, 
sight,  or  other  faculty,  renders  it  so  highly  dangerous  that  its  use 
carries  an  extremely  high  degree  of  care. 

Humphreys  v,  Raleigh  Coal  &  Coke  Co.  (West  Viiginia),  80  Southeastern,  803,  p. 

805,  February,  1914. 

A  mine  operator  using  electricity  must  provide  against  all  probable 
contingencies  and  every  possibiUty  that  can  be  reasonably  foreseen 
and  anticipated,  and  if  he  knows  any  person  is  liable  in  any  way  or 
for  any  reason,  whether  on  a  mission  or  enterprise  of  business  or 
pleasure,  to  come  in  contact  with  the  heavily  chained  electrical  wire 
he  is  using,  he  must  insulate  it,  unless  insulation  is  impossible  by 
reason,  of  incompatibiUty  with  the  use  to  which  it  is  devoted;  and  it 
is  wholly  immaterial  that  the  place  in  which  such  a  wire  is  used  was 
not  a  way  or  passage  or  place  of  ordinary  work,  but  where,  in  the 
instant  case,  such  uninsulated  wire  was  placed  in  the  break-through 
and  air  course,  not  passageways  or  places  of  ordinary  work,  but 
where  there  was  occasion  for  miners  to  enter  them. 

Humphreys  v,  Raleigh  Coal  &  Coke  Co.  (West  Viiginia),  80  Southeastern,  803,  p. 

806,  Pebruary,  1914. 

DUTY  TO  PROP  ROOF — LIABILITY   FOR   INJUBY. 

Where  it  was  the  duty  of  an  injured  miner  to  prop  the  roof  and  make 
his  place  safe,  he  can  not  recover  against  the  mine  operator  for  an 
injury  caused  by  his  failure  to  perform  this  duty;  but  if  the  roof  was 
in  such  condition  that  it  was  the  duty  of  the  operator  to  timber  and 
make  it  safe,  and  by  reason  of  the  operator's  failure  to  do  so  the  miner 
while  exerdsing  ordinary  care  for  his  own  safety  was  injured  and 
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killed,  the  fact  that  the  company's  foreman  told  the  decedent  to  do 
the  proppmg,  when  it  was  not  his  duty  to  do  it,  will  not  relieve  the 
mine  operator  from  liability. 

Ihmcan  Coal  Co.  v.  Thompson  (Kentucky),  162  Southwestern,  1139,  p.  1140,  Febru- 
ary, 1914. 

FAILURE  TO  PROP — MEANING  OP   *'baD  PLACES." 

A  contract  between  the  United  Mine  Workers  and  an  Employers' 
Association  is  binding  on  a  coal  company  that  is  a  member  of  such 
association,  and  a  ''bad  place"  within  the  meaning  of  such  a  contract 
is  a  place  in  the  roof  which  can  not  be  made  reasonably  safe  by  the 
ordinary  propping  usually  done  by  the  miner  himself,  and  if  the  roof 
in  a  room  where  a  miner  is  employed  was  a  ''bad  place"  and  if  such 
condition  was  known  to  the  mine  operator,  its  agents  and  servants 
charged  with  the  duty  of  timbering  the  roof,  or  by  the  exercise  of 
ordinary  care  could  have  been  known  to  them,  and  was  not  known  to 
the  miner,  and  was  not  so  obviously  dai^erous  as  to  charge  a  person 
of  ordinary  prudence  with  notice  thereof,  and  the  operator  failed  to 
timber  the  roof,  and  by  reason  thereof  a  miner,  while  exercising 
ordinary  care  for  his  own  safety,  was  injured  and  killed,  then  the 
mine  operator  is  liable  in  damages;  but  if  the  roof  was  an  ordinary' 
roof,  one  that  could  be  made  reasonably  safe  by  the  ordinary  propping 
usually  done  by  the  miner  himself,  then  the  operator  would  not  be 
liable. 

Duncan  Coal  €k).  v.  Thompson  (Kentucky),  162  Southwestern,  1139,  p.  1140,  Feb- 
ruary, 1914. 

DANGEROUS    ENTRY. 

A  mine  operator  is  liable  to  a  miner  injured  by  a  fall  of  rock  from 
the  roof  of  a  room  neck,  the  passageway  to  and  from  the  room  in 
which  the  miner  was  working,  and  which  was  in  the  care  and  keep  of 
the  operator,  and  he  was  bound  to  exercise  ordinary  care  to  keep  the 
place  reasonably  safe,  and  where  the  operator  was  notified  of  the 
clanger  inhering  in  the  roof  two  days  prior  to  the  time  of  the  injury. 

Ghunbino  v.  Manufacturers*  Coal  &  Coke  Co.  (Missouri  Appeals),  164  Southwestern, 
264,  p.  266,  February,  1914. 

HIDDEN   DANGERS. 

A  person  employed  by  a  mining  company  to  do  outside  work  at 
its  colliery  is  entitled  to  recover  for  an  injury  on  the  ground  of  neg- 
ligence of  the  operator  where  on  the  morning  of  the  accident  he  was 
directed  by  the  foreman  to  go  with  him  to  another  part  of  the  works 
and  in  following  the  foreman  along  a  well-defined  path  used  by  the 
workmen  that  led  over  a  cuhn  bank  he  was  injured  by  stepping  into 
an  open  barrel  of  hot  water  sunk  to  within  2  inches  of  the  surface  of 
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the  bank  ajid  located  in  or  close  to  the  edge  of  the  path,  where  it 
appeared  that  he  had  not  before  been  over  the  path  and  did  not  know 
of  the  location  of  the  barrel,  and  did  not  at  the  time  see  it  because 
he  was  blinded  by  a  sudden  escape  of  steam  from  the  barrel  or  from 
pipes  that  led  to  it. 

Sufiko  V,  Harleigh-Brookwood  Goal  Co.  (Pennsylvania),  90  Atlantic,  *V16,  p.  718, 
March,  1914. 

FAILUBE  TO   INSPECT  ROOF  OF  TRAVELING   WAY. 

Where  a  mine  operator  was  aware  of  the  existence  of  a  pothole  in 
the  roof  of  a  tunnel  for  a  sufficient  time  before  the  accident  resulting 
in  an  injury  to  a  miner,  and  failed  to  make  an  inspection  of  the  roof 
and  the  pothole  by  soimding  or  otherwise  in  order  to  detect  the  loose- 
ness of  the  rocks  and  to  determine  whether  the  rock  in  the  pothole 
had  become  loose  by  reason  of  the  action  of  the  air,  water,  vibrations 
caused  by  blasting,  or  otherwise,  the  operator  is  liable  for  such  neglect 
for  an  injury  caused  by  the  rock  falling  from  the  pothole  and  injuring 
a  miner  using  such  traveling  way. 

McLonees  v.  Republic  Coal  Co.  (Montana),  140  Pacific,  235,  p.  237,  April,  1914. 

DANGEROUS    EXCAVATIONS. 

A  miner  and  prospector  who  enters  upon  the  public  domain  and 
prospects  for  minerals  and  who  took  possession  of  certain  phosphate 
claims  and  dug  holes  and  pits  thereon,  as  required  by  the  United 
States  statute  in  order  to  hold  his  location,  is  not  chargeable  with 
negligence  where  cattle  and  live  stock  stray  upon  and  trespass  on 
such  mining  claim  and  are  injured  or  killed  by  falling  into  such  pit 
and  excavations,  as  a  locator  or  owner  of  a  mining  claim  is  not  re- 
quired by  statute  to  fence  or  otherwise  protect  such  excavations  and 
shafts,  and  he  is  expressly  authorized  by  the  United  States  statutes 
to  make  such  excavations  in  the  development  and  possession  of  his 
claim. 

Strong  V.  Brown  (Idaho),  140  Pacific,  773,  p.  774,  May,  1914. 

UNSAFE   PLACE OPERATOR  DIRECTING   MINER. 

Where  a  mine  foreman  with  miners  went  to  work  in  a  room  neck 
in  a  mine  and  the  foreman  directed  the  miner  to  cut  a  hitch  in  one  end 
of  the  room  and  directed  another  workman  to  cut  another  hitch  on 
the  opposite  side,  these  being  places  cut  in  the  coal  or  sides  of  the 
nune  in  which  to  rest  the  end  of  the  timber,  and  one  miner  detecting 
a  piece  of  loose  slate  was  assisted  in  takii^  it  down  and  it  was  then 
suggested  that  they  investigate  to  see  if  there  was  any  other  loose 
slate,  and  whereupon  the  foreman  took  his  pick  and  sounded  the 
slate  and  said  it  was  all  r^ht,  and  thereupon  directed  the  miner  to 
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go  on  and  cut  the  hitch,  and  as  the  miner  proceeded  and  after  strikmg 
a  few  licks  was  injured  by  the  slate  falling  upon  him,  the  miner  injured 
under  such  circumstances  is  entitled  to  recovery  under  a  rule  that 
where  one  is  working  under  the  immediate  and  direct  orders  of  his 
superior,  and  that  superior,  after  investigation,  expresses  an  opinion 
that  the  place  is  safe,  or  directs  the  employee  to  proceed  with  the 
work,  the  employee  has  a  right  to  rely  upon  the  presumed  superior 
knowledge  of  the  employer  and  proceed  with  the  work  unless  the 
danger  is  so  obvious  and  apparent  as  that  no  reasonable  man,  in  the 
exercise  of  a  fair  judgment  for  his  own  safety,  would  continue  to  work 
in  it,  even  imder  the  orders  of  his  master. 

Bracken  v.  Lam  Coal  Co.  (Kentucky),  165  Southwestern,  686,  April,  1914. 

A  coal  miner  in  an  action  for  damages  for  injuries  received  by 
falUi^  rock  from  the  roof  of  an  entry  constructed  by  him  is  entitled 
to  recover  on  grounds  of  the  allied  negligence  of  the  operator 
where  the  proof  shows  that  the  pit  boss  was  authorized  to  direct  the 
injured  miner  how  to  perform  the  work  and  that  he  omitted  timber- 
ing as  directed  by  the  pit  boss,  until  the  brushing  had  been  completed^ 
and  where  it  appears  that  the  omission  to  timber  as  the  work  pro- 
gressed might  have  been  the  proximate  cause  of  the  iajury. 

WiUiamst;.  Craig  Dawson  Coal  Co.  (Iowa),  146  Northwestern,  735,  p.  736,  April,  1914- 
NEGLIGENCE   NOT  PROXIMATE   CAUSE   OF   INJURY — NO   LIABILrTT. 

While  a  mine  operator  may  be  negligent  in  failiog  to  keep  the 
roof  of  an  entry  in  his  mine  in  a  reasonably  safe  condition,  such  n^li- 
gence  can  not  be  regarded  as  the  proximate  cause  of  an  injury  where 
the  miner  knew  of  the  danger  and  with  such  knowle<^  used  the 
entry  and  was  injured  by  the  falling  of  slate  from  the  roof,  where  the 
miner  was  not  required  to  use  the  entry  or  pass  through  it  at  the  time 
he  received  the  injury. 

Elliott  V.  Greenville  Coal  Co.  (Kentucky),  167  Southwestern,  424,  p.  425,  June,  1914. 
EVIDENCE   AS   TO   SUBSEQUENT   CONDITION   OF    MINE. 

In  an  action  for  damages  by  a  miner  for  beii^  overcome  by  gas  on 
the  ground  of  the  alleged  violation  of  the  statute  on  the  part  of  the 
mine  operator  in  failing  to  keep  the  mine  ventilated  as  required  by  the 
statute  of  Kentucky,  the  report  of  the  mine  inspector  is  admissible 
in  evidence  though  made  17  days  after  the  accident,  where  the 
plaintiff  himself  proved  by  the  operator's  mine  superintendent  that 
the  condition  of  the  air  at  that  time  was  practically  the  same  as  it 
was  immediately  before  and  after  the  plaintiff's  injury. 

Mt.  Morgan  Coal  Co.  v.  Shumate  (Kentucky),  163  Southwestern,  1099,  p.  1100, 
March,  1914. 


MINES  AND  MINING  OPERATIONS.  91 

WASTE   IN   8TOPE. 

A  mine  operator  is  not  guilty  of  actionable  n^ligence  in  leaving 
waste  matter  in  a  stope,  and  if  it  was  the  mine  operator's  duty  to 
remove  such  waste  from  a  stope,  or  if  it  was  n^%ence  to  leave  it 
in  the  stope,  an  injured  miner  complaining  of  such  acts  must  aU^e 
and  prove  such  duty  or  negligence. 

Knauff  V.  Highland  Dev.  Co.  (Oregon),  136  Pacific,  846,  p.  847,  December,  1913. 
SUPERIOR  SERVANT — PERSONAL  LIABILrTY. 

Where  a  miae  operator  is  guilty  of  negligence  in  failmg  to  furnish 
a  miner  a  reasonably  safe  place  in  which  to  work,  a  superior  officer 
acting  on  behalf  of  the  mine  operator  who  fails  to  make  an  inspection 
or  who  fails  to  exercise  ordinary  care  to  see  that  the  place  is  safe 
and  directs  a  miner  to  proceed  to  work  in  such  dangerous  place  is 
liable,  together  with  the  mine  operator,  for  an  injury  resulting  to 
the  miner,  under  the  rule  that  a  superior  officer  is  generally  and 
severally  liable  with  the  common  master  for  a  failure  to  perform  pei^ 
sonal  duties,  whether  of  misfeasance  or  nonfeasance,  which  failure 
results  in  injury  to  one  to  whom  the  duty  is  owing;  but  notwith- 
standing this  rule  it  must  be  observed  that  such  superior  servant 
is  not  liable  for  the  failure  of  the  mine  operator  to  furnish  the  miner 
a  safe  working  place,  but  his  Uability  starts  with  the  failure  to  make 
the  proper  inspection  after  an  explosion  for  the  purpose  of  discovering 
whether  the  miner  would  be  put  in  danger  from  falling  material. 

EvaoB  Chemical  Works  v.  Ball  (Kentucky),  167  Southwestern,  390,  p.  394,  June, 
1914. 

OMo  Yalley  Goal  &  Min.  Co.  v.  Heine  (Kentucky),  167  Southwestern,  873,  p.  874, 
June,  1914. 

UNSAFE   PLACE — MIKEB   OBEYING  INSTRUCTIONS. 

A  miner  in  an  iron  mine  whose  duty  it  was  to  mark  the  quantity 
of  ore  the  miners  brought  in  and  help  the  trammer  turn  the  car  on 
the  turntable,  keep  the  table  free  from  dirt,  and  open  the  door  of  the 
car  may  recover  for  injuries  on  the  ground  of  alleged  negligence 
of  the  operator  in  failmg  to  furnish  a  safe  place  to  work,  where  while 
performing  his  ordinary  duties  the  shift  boss  ordered  him  to  go  down 
a  chnte  and  loosen  ore  which  had  become  clogged  in  the  chute  by 
pounding  on  the  partition  between  a  raise  in  the  mine,  and  for  this 
purpose  a  rope  was  tied  around  his  body  and  he  was  lowered  down  the 
larger  side  of  the  raise  and  with  a  heavy  hammer  proceeded  as 
instructed  to  pound  upon  the  dividers,  and  while  so  engaged  and  with- 
out warning  of  the  danger  the  clogged  ore  started  to  run  into  the 
opposite  compartment  when  the  ore  chute  broke  through,  and  the 
ore  carrying  some  of  the  dividers  fell  through  the  opening  thus  made 
upon  the  miner,  causing  the  injury  for  which  he  sues. 

Ranta  v.  Newport  Min.  Co.  (Michigan),  147  Northwestern,  609,  p.  610,  June,  1914. 
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LIABILITY   OP   PIPE   LINE   COMPANY. 

A  pipe  line  company  transporting  oil  throi^  the  ground  is  liable 
for  damages  for  injmy  and  death  of  cattle  caused  by  drinkiDg  water 
poisoned  by  oil  escaping  and  flowing  into  and  down  a  creek  in  the 
pasture  where  the  cattle  were  kept,  r^ardless  of  the  question  and  in 
the  absence  of  proof  of  negligence  on  the  part  of  the  oil  company  in 
the  construction  or  maintenance  of  its  pipe  Une. 

Texas  Co.  v,  Earles  (Texas  Civil  Appeals),  164  Southwestern,  28,  p.  29,  Februarv, 
1914. 

USING  DEFEGTIVS  APPLIANCES. 
DEFECTIVE  TRACK. 

In  an  action  by  a  miner  for  injuries  occasioned  by  the  car  on 
which  he  was  riding  jumping  from  the  track,  due  to  the  alleged 
defective  condition  of  the  track,  together  with  the  excessive  speed 
of  the  car,  it  is  not  suihcient  to  relieve  the  operator  from  liability 
for  negligence  by  proof  that  the  engiueer  in  charge  did  not  know  of 
the  defective  condition  of  the  track. 

Great  Western  Coal  &  Coke  Co.  v.  Malone  (Oklahoma),  136  Pacific,  403,  p.  405» 
November,  1913. 

DEFECTIVE  TRACK — PROXIMATE  CAUSE. 

In  an  action  by  a  miner  for  injuries  caused  by  the  derailment 
of  a  coal  car  on  which  he  was  riding  due  to  the  alleged  defective 
condition  of  the  track  and  to  the  excessive  speed  at  which  the  cars 
were  run,  the  plaintiff  is  not  required  to  show  that  the  defective 
condition  of  the  track  alone  was  the  proximate  cause  of  the  injury. 

Great  Western  Coal  &  Coke  Co.  v.  Malone  (Oklahoma),  136  Pacific,  403,  p.  405, 
November,  1913. 

HOISTING   AND   SIGNALING   APPARATUS. 

It  is  the  duty  of  a  mine  operator  to  maintain  a  hoisting  and  signal- 
ing apparatus  and  the  machinery  connected  therewith  in  a  condition 
suitable  to  prompt  action  and  service  and  to  have  the  same  so  arranged 
and  in  such  working  order  as  they  will  promptly  respond  to  signals 
given  from  the  bottom  of  the  shaft ;  and  where  miners  were  working 
in  a  shaft  and  desired  to  leave  on  accoimt  of  impending  danger  and 
the  usual  and  proper  signals  were  given,  by  means  of  the  apparatus 
provided,  the  operator  must  be  liable  for  a  resulting  injury  where  the 
insufficiency  of  the  signaling  apparatus  prevents  a  response  by  the 
man  operating  the  hoist  or  cage  in  the  shaft,  if  the  failure  to  respond 
is  due  to  some  fault,  defect  in,  or  some  failure  of  the  machinery 
or  apparatus  in  use;  and  in  an  action  by  a  miner  injured  under  such 
circumstancos  he  is  not  required  to  point  out  the  particular  fault, 
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defect,  or  cause  of  failure,  and  he  can  not  be  reasonably  expected  to 
know  whether  the  signals  were  received  at  the  surface,  whether  the 
apparatus  for  signaling  failed,  whether  an  employee  disregarded  them 
if  received,  or  whether  in  attempting  to  send  down  the  cage  or  car  in 
answer  to  the  signals  some  part  of  the  other  machinery  or  apparatus 
was  found  to  be  defective  or  otherwise  at  fault. 

Fanela  v.  Castile  Min.  Go.  (Michigan),  144  Northwestern,  528,  p.  533,  December. 
1913. 

INSUFFICIENT  HOISTING   APPARATUS. 

The  question  of  the  negligence  of  a  mine  operator  in  using  hoisting 
machinery  for  hoisting  miners  in  a  mine  shaft,  where  it  is  necessary 
because  of  blasting  being  done  in  the  shaft  to  hoist  miners  immediately 
uj>on  a  given  signal,  is  one  of  fact  to  be  determined  by  the  jury  in 
the  trial  of  a  case;  but  it  is  sufficient  to  entitle  a  case  to  go  to  the  jury 
where  the  evidence  shows  that  the  puffer  engine  which  operated  the 
hoisting  apparatus  was  a  second-hand  engine,  was  old,  and  that  the 
company  had  been  warned  that  it  was  out  of  repair  and  had  in  fact 
made  some  repairs,  and  that  by  reason  of  defects  it  would  not  operate 
quickly  because  of  a  bent  shaft;  that  one  of  the  valves  was  so  slow 
that  it  required  to  be  started  slowly  and  that  by  reason  of  its  defects 
the  part  connected  with  the  shaft  must  be  in  a  certain  position  or 
it  could  be  started  only  with  difficulty;  and  that  at  the  time  of  the 
accident  and  consequent  injury  complained  of  there  was  a  delay  after 
the  proper  signal  of  three  minutes  before  the  engine  started. 

Panela  v.  Castile  Min.  Co.  (Michigan),  144  Northwestern,  528,  p.  534,  December, 
1913. 

INSUFFICIENT  8IONALINQ  SERVICE. 

A  mining  company  operated  its  mine  and  shaft  by  hoisting  machin* 
ery  located  at  a  considerable  distance  from  the  mouth  of  the  shaft 
and  hoisted  its  elevator  by  means  of  a  cable  over  a  wheel  or  drum 
at  an  elevation  of  some  20  feet  above  the  mouth  of  the  pit.  In  ele- 
vating ore  the  elevator  was  hoisted  to  the  crossbeam  of  the  framework 
immediately  below  such  wheel  or  drum,  but  in  lifting  the  miners  from 
the  mine  the  elevator  was  halted  at  the  ground  level,  and  the  signal 
for  halting  in  either  case  was  by  wires  attached  to  an  angle  iron  on  a 
pivot,  one  wire  extending  from  such  angle  iron  down  the  shaft  and 
the  other  from  such  angle  iron  to  a  bell  in  the  engine  house  near  the 
hoisting  engineer.  Under  such  circumstances  it  is  negligence  for 
the  mine  operator  to  so  adjust  or  permit  the  wire  from  such  angle 
iron  to  the  hoisting  engine  to  be  or  become  so  slack  that  the  proper 
signal  whereby  the  elevator  could  be  halted  at  the  surface  when  lift- 
ing men  from  the  mine  could  not  be  given,  and  the  operator  is  Uable 
for  an  injury  to  a  miner  where  by  reason  of  such  slack  and  improper 
condition  of  the  wire  on  the  giving  of  the  proper  signal  for  halting 
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the  elevator  at  the  surface  level  the  hoisting  engineer,  because  of  the 
defective  wire,  received  the  signal  for  hoisting  ore  and  carried  the 
elevator  to  the  crossbeam,  thereby  causing  the  injury  complained 
of  to  a  miner  riding  on  the  elevator. 

Johaneen  v.  Pioneer  Min.  Co.  (Washington),  187  Pacific,  1019,  p.  1022,  January, 
1914. 

DEFECTIVE    CABLE. 

A  mine  operator  is  guilty  of  actionable  negligence  where  he  permits 
the  wire  rope  drawing  the  cars  on  the  tracks  to  become  worn  and 
defective,  and  where  by  reason  of  such  worn  and  defective  condition 
it  broke,  thereby  causing  a  loaded  car  on  one  of  the  tracks  to  run  with 
great  and  unrestrained  speed  down  an  incline  and  against  the  tipple 
building  in  which  an  employee  was  engaged  in  the  performance  of  his 
duty  as  a  weigher  of  coal,  and  with  such  force  that  it  demolished  the 
tipple  and  injured  the  weigher;  and  the  operator  in  such  case  can 
not  escape  UabiUty  for  permitting  the  use  of  the  defective  cable  and 
for  his  negUgent  failure  to  furnish  safe  appliances  and  a  safe  place  on 
the  ground  of  the  neghgenco  of  a  fellow  servant  of  the  weigher  in 
opcratLQg  the  particular  car  that  caused  the  injury  where  the  negli- 
gence of  such  fellow  servant  concurred  with  the  operator's  negligent 
uso  of  the  defective  wire  rope. 

New  Bell  Jellico  Coal  Co.  v.  Oxendine  (Kentucky),  160  Southwestern,  737,  p.  742, 
November,  1913. 

Burnet  Fuel  Co.  t;.  Ellis  (Texas  Civil  Appeals),  162  Southwestern,  911,  p.  912,  Janu- 
arys 1914. 

A  mine  operator  may  be  liable  for  the  death  of  a  miner  caused  by 
the  brcaldng  of  the  cable  drawing  a  truck  out  of  the  mine  on  which 
the  deceased  miner  and  others  were  riding  where  the  evidence  shows 
that  recently  and  prior  to  the  accident  the  cable  had  parted  and 
had  been  repaired  and  that  there  was  a  lack  of  proper  inspection  of 
the  cable^  and  where  a  proper  inspection  might  have  disclosed  the 
defects  in  the  cable. 

Dodd  V,  Summit  Branch  Min.  Co.  (Pennsylvania),  88  Atlantic,  927,  p.  928,  June, 
1913. 

KNOWLEDGE   OP  DEFECTS — ^DILIGENCE  TO  DISCOVER. 

In  an  action  against  a  mine  operator  for  the  death  of  a  miner 
caused  by  the  sudden  starting  of  an  engine  due,  as  alleged,  to  the  fact 
that  the  throttle  valve  had  become  worn  and  out  of  repair  and  leaked 
steam,  a  court  can  not  say  as  a  matter  of  law  that  prior  iospection 
of  the  engine  would  have  disclosed  its  defective  condition  in  rcsp:ct 
to  the  throttle  valve,  where  such  defect  according  to  the  proof  was 
probably  the  result  of  long  and  gradual  impairment  by  steam  and 
hot  water  of  the  valve  seat,  nor  can  a  court  decide  as  a  matter  of 
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law  that  sufficient  time  and  opportunity  were  or  were  not  ajQPorded 
to  the  mine  operator  to  discover,  by  proper  inspection,  the  particular 
defect  in  the  Talve  and  to  hare  remedied  the  same. 

Espey  i;.  Gahaba  Goal  Co.  (Alabama),  64  Southern,  753,  p.  756,  Febraary,  1914. 

SIMPLE   APPLIANCES. 

Y?hile  it  is  the  duty  of  a  mine  operator  to  exercise  ordinary  care 
to  furnish  a  miner  reasonably  safe  appliances  with  which  to  work, 
yet  there  are  some  appUances  so  simple  in  their  arrangement  and 
make-up  that  a  miner  who  voluntarily  uses  them  must  exercise  at 
least  ordinary  care  to  protect  himself  from  injury  on  account  of  any 
open  and  obvious  defect  in  their  condition;  and  when  an  experienced 
miner  voluntarily  and  without  any  assurance  of  safety  undertakes 
to  work  with  a  simple  tool  or  contrivance  he  can  not  close  his  eyes 
to  the  obvious  things  immediately  before  him  and  say  he  did  not 
see  or  know  the  conditions  that  existed;  and  this  rule  applies  to  the 
harness  used  on  a  mule  drawing  cars  out  of  the  mine  where  the 
fastening  at  the  lower  end  of  the  hames  came  loose  and  thereupon 
the  gear  came  off  and  the  mule  walked  away  from  the  car  causing  the 
miner  to  fall  from  the  place  he  was  sitting  to  the  track,  producing 
the  injuries  complained  of. 

Picker  GiU  v.  Nelson  Creek  Coal  Co.  (Kentucky),  160  Southwestern,  936,  p.  937, 
December,  1913. 

A  mine  operator,  as  other  employers,  is  only  required  to  use  ord- 
inary care  to  furnish  tools  that  are  reasonably  safe,  and  it  is  not  his 
duty  to  furnish  any  particular  kind  of  tools,  implements,  or  appli- 
ances, but  his  duty  in  this  respect  is  to  use  ordinary  care  and  prudence 
in  furnishing  safe  and  suitable  tools  and  implements,  and  no  infer- 
ence of  negligence  can  arise  from  evidence  which  shows  that  an 
implement  was  such  as  is  ordinarily  used  for  Uke  purposes  by  per- 
sons engaged  in  the  same  kind  of  business,  and  the  fact  that  a  mine 
operator  furnished  a  bowlder  hammer,  the  same  kind  of  a  hammer 
used  throughout  the  mining  district  for  similar  work,  and  the  mine 
operator  can  not  be  charged  with  negligence  by  mere  proof  that  the 
hammer  furnished  was  in  such  condition,  by  reason  of  its  rounded 
head,  that  particles  of  rock  would  fly  and  scatter  more  than  they 
would  had  a  hammer  been  furnished  that  was  but  sUghtly  convexed 
or  which  had  a  flat  striking  surface. 

Sflgerv.  Sampson  Min.  Co.  (Missouri),  162  Southwestern,  762,  p.  764,  January,  1914. 

A  pick  used  by  a  miner  is  a  tool  of  common  use  and  of  utmost 
simplicity,  and  where  one  is  reasonably  fit  in  the  first  instance  for  work 
in  a  mine  the  mine  operator  owes  no  duty  of  subsequent  inspection. 

Toth  V.  Oeceola  Oonsol.  Min.  Co.  (Michigan),  146  Northwestern,  668,  p.  669,  April, 
1914. 

63632"— Bull.  90—15 8 
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USING  EXPLOSIVES. 
UNSAFE   EXPLOSIVES. 

A  mine  operator  negligently  permitting  the  powder  used  in  the 
mine  to  become  wet,  damp,  and  deteriorated  is  liable  to  a  miner 
injured  by  reason  of  the  condition  of  the  powder,  though  the  injured 
miner  called  the  operator's  attention  to  the  condition  of  the  powder 
but  was  assured  by  the  operator  that  the  powder  was  aU  right  and 
safe,  and  on  this  assurance  the  miner  had  the  right  to  rely  unless  he 
knew  to  the  contrary. 

Oalausky  v.  Leigh  Valley  Goal  Co.,  212  Fed.,  304,  p.  307,  March,  1914. 

INJURY   FBOM   UNEXPLODED   BLAST. 

A  mine  operator  is  liable  for  an  injury  caused  to  a  miner  by  an 
unexploded  blast,  where  the  miner  drilled  into  the  waUs  of  his  cham- 
ber in  the  usual  and  approved  manner  and  properly  chained  the  hole, 
and  the  charge  failing  to  explode,  the  miner  thereupon  and  according 
to  custom  drilled  another  hole  near  the  former,  charged  it  with  powder 
from  another  can  and  exploded  the  same,  a  method  and  custom 
followed  in  the  mine^  as  the  last  explosion  under  ordinary  circum- 
stances and  with  suitable  powder  will  explode  the  charge  remaining 
in  the  first  hole  and  remove  all  danger  therefrom,  and  where  by  reason 
of  the  dampness  of  the  powder  used  in  the  first  charge  the  result 
of  the  negligence  of  the  operator  in  storing  the  powder  in  a  damp 
place  the  charge  did  not  explode,  and  subsequently  while  handling 
the  coal  the  charge  was  then  exploded  and  injured  the  miner. 

Oalausky  v.  Leigh  Valley  Coal  Co.,  212  Fed.,  304,  p.  305,  Blarch,  1914. 

USE  OF  DYNAMITE. 

A  miner  does  not  assume  the  risks  that  are  created  by  the  n^li- 
gence  of  the  mine  operator  where  the  danger  is  not  obvious  and  the 
place  was  not  created  by  the  miner  in  the  performance  of  his  work, 
but  where  the  dangerous  conditions  were  made  by  the  explosion 
of  dynamite  in  a  deep  and  narrow  trench  or  ditch  in  the  mining  of 
barytes  the  mine  operator  is  liable  for  an  injury  to  a  miner  caused  by 
a  large  chunk  of  dirt  or  clay,  broken  loose  by  the  explosions  and  roll- 
ing down  upon  the  miner,  causing  the  injuries  complained  of,  as  in 
such  case  it  was  the  duty  of  the  mine  operator  to  exercise  ordinary 
care  to  furnish  the  miner  a  reasonably  safe  place  in  which  to  work. 

Evans  Chemical  Works  v.  Ball  (Kentucky),  167  Southwestern,  390,  p.  394,  June. 
1914. 

Ohio  Valley  Coal  &  Min.  Co.  v.  Heine  (Kentucky),  167  Southwestern,  873,  p.  874, 
June,  1914. 
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METHODS   OF  THAWING  DYNAMITE. 

In  an  action  by  a  miner  for  injuries  caused  by  an  explosion  of 
dynamite  an  allegation  of  negligence  as  to  the  method  used  for 
thawing  the  dynamite,  in  that  electricity  was  used  in  such  manner 
and  to  such  a  degree  that  portions  of  the  explosives  became  heated 
to  excess,  is  sufficiently  sustained  by  proof  that  the  dynamite  when 
taken  out  for  use  by  miners  was  so  hot  as  to  be  sweaty  find  mushy 
and  in  that  condition  is  especially  dangerous  to  handle,  the  miners 
frequently  feeling  impelled  to  cool  the  overheated  dynamite  before 
using  for  fear  of  prematiu'e  explosion;  and  where  it  also  appeared 
that  dynamite  could  be  exploded  by  heat  alone  and  where  it  was  shown 
that  on  the  day  of  explosion  the  dynamite  had  come  from  the  thawer 
overheated. 

Weet  Lake  v.  Keating  Gold  Min.  Co.  (Montana),  136  Pacific,  38,  p.  42,  October,  1913. 

FAELTTBB  TO  INSTBUGT. 
INSTRUCTION   UNNECESSARY. 

It  is  a  matter  of  common  knowledge  that  when  a  rock  is  struck 
with  a  great  force  by  an  iron  tool,  such  as  a  pick,  whether  sharp  or 
duU,  splinters  are  liable  to  fly  as  a  result  of  the  concussion^  and  a  man 
33  years  of  age  who  has  spent  his  life  in  ordinary  laborious  occupations 
can  not  reasonably  be  supposed  to  be  ignorant  upon  such  a  question 
and  require  instruction,  and  a  mine  operator  in  such  case  is  under  no 
duty  to  warn  such  a  miner  of  the  danger  of  splinters  striking  him  in 
the  eye. 

Toth  V.  Osceola  Consol.  Min.  Co.  (Michigan),  146  Northwestern,  668,  p.  669,  April, 
1914. 

Picker  Gill  v.  Nelson  Creek  Coal  Co.  (Kentucky),  160  Southwestern,  936,  December, 
1913. 

INEXPERIENCED   OR  YOUTHFUL   MINER. 

While  a  master  or  a  mine  operator  is  not  required  to  give  warning 
of  visible  and  obvious  dangers  to  a  miner  possessing  the  intelligence, 
understanding,  and  experience  sufficient  to  comprehend  and  appre- 
ciate them,  yet  it  is  equally  well  settled  that  if  a  miner  is  employed 
to  perform  work  of  a  dangerous  character  or  in  a  dangerous  place, 
and  is  not  experienced,  and  because  of  his  youth  or  inexperience  he 
may  fail  to  appreciate  tho  danger,  it  then  becomes  the  duty  of  the 
master  or  mine  operator  before  exposing  the  miner  to  such  danger  to 
give  him  such  instructions  or  cautions  as  will  enable  him  to  compre- 
hend them  and  do  his  work  safely  with  proper  care  on  his  part. 

Carney  Coal  Co.  v.  Benedict  (Wyoming),  140  Pacific,  1013,  p.  1015,  May,  1914. 

It  is  the  duty  of  a  mine  operator  to  warn  an  inexperienced  miner 
of  tho  special  hazards  and  dangers  incident  to  his  employment. 

Looney  v.  Garfield  Coal  Co.  (Iowa),  147  Northwestern,  129,  p.  130^  May,  1914. 
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to  the  miner  an  insurance  of  safety,  and  where  the  condition  was  not 
so  dangerous  or  so  obvious  as  to  direct  the  miner's  attention  to  it, 
or  of  such  a  nature  as  could  be  discovered  by  the  exercise  of  ordinary 
care  upon  the  miner's  part. 

Jellico  Coel  Mia.  Co.  v.  Helton  (Kentucky),  163  Southwestern,  744,  p.  745,  Feb- 
ruary, 1914. 

DUTY  TO   FURNISH  SAFE  PLACE. 

A  mine  operator  can  not  escape  liability  for  injuries  caused  by 
falling  rock,  because  of  alleged  negligence  in  failing  to  furnish  a  safe 
place,  on  the  ground  that  the  work  that  the  miner  was  doing  con- 
tributed to  the  falling  of  the  rock,  where  the  mine  boss  knew  as  well 
as  the  miner  the  kind  of  work  he  was  going  to  do  and  how  he  was 
going  to  do  it,  and  knew  better  than  the  miner  whether  the  work  he 
was  doing  would  have  a  tendency  to  weaken  the  roof,  thereby  causing 
any  loose  rock  or  slate  to  fall,  and  where  the  mine  boss  knew  that 
the  roof  in  the  particular  vicinity  was  liable  to  fall,  because  of  hUl 
seams;  and  it  was  his  duty  before  ordering  the  miner  to  work  to  take 
care  commensurate  with  the  probable  danger  to  make  the  place  safe, 
or  to  warn  the  miner  that  he  must  observe  extra  care  on  account  of 
the  dangerous  condition  prevailing.  **^- 

Jellico  Coal  Min.  Co.  v.  Helton  (Kentucky),  163  Southwestern,  744,  p.  746,  Feb- 
ruary, 1914. 

NEGLIGENCE  OF  FOREMAN — QUESTION   OF  FACT. 

In  an  action  by  a  miner  for  injuries  caused  by  the  alleged  negligence 
of  the  mine  foreman,  where  the  evidence  for  the  plaintiff  shows  that 
the  foreman  upon  several  different  occasions  had  been  negligent  in 
his  work  and  that  his  general  reputation  about  the  mine  and  where 
he  had  previously  worked  was  that  he  was  careless,  and  where  the 
evidence  on  the  part  of  the  defendant  showed  that  he  was  a  careful  and 
competent  foreman,  the  question  becomes  one  of  fact  to  be  deter- 
mined by  the  jury  trying  the  case. 

Johansenv.  Pioneer  Min.  Co.  (Washington),  137  Pacific,  1019.  p!  1021,  January,  1914. 
INCOMPETENT  FOREMAN — ^PBOOF  OF   REPUTATION. 

In  an  action  by  a  miner  for  personal  injuries  caused  by  the  alleged 
negligence  of  the  mine  foreman  or  pit  boss  it  is  competent  for  the 
plaintiff  to  show  specific  acts  of  incompetency  of  the  foreman  or  pit 
boss  under  a  general  allegation  of  ignorance  and  incompetency,  and 
it  is  likewise  competent  to  show,  after  proof  of  specific  acts  of  careless- 
ness, the  general  reputation  of  the  foreman  or  pit  boss  for  competency 
and  regard  for  the  lives  and  limbs  of  the  miners  under  his  chaige, 
and  such  evidence  is  admissible  to  prove  not  only  the  unfitness  of  the 
foreman  or  pit  boss  but  also  to  charge  the  operator  with  knowledge 
of  such  incompetency,  where  it  is  his  imperative  duty  to  know  the 
fitness  of  his  foreman. 

Johansen  v.  Pioneer  Min.  Co.  (Waahington),  137  Pacific,  1019,  p.  1021,  January,  1914. 
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MINE   FOREMAN — WHO   IS. 

A  foreman  is  one  who  has  immediate  chaise  of  a  gang  of  workmen 
or  miners  and  whose  orders  and  authority  in  and  about  and  concerning 
their  work  the  workmen  or  miners  are  bound  to  obey,  and  a  mine 
operator  is  tmder  the  duty  toward  his  miners  not  to  place  incompetent 
or  unfit  persons  in  authority  over  them,  and  where  a  mine  foreman  for 
a  long  period  of  time  has  been  in  the  employ  of  a  mine  operator  the 
operator  is  charged  with  knowledge  of  foreman's  general  reputation 
in  the  community  as  to  carelessness  or  incompetency. 

Johansen  v.  Pioneer  Min.  Co.  (Washington),  137  Pacific,  1019,  p.  1022,  January, 
1914. 

TJABn«TTY  FOB  NEOLIGBNCE  OF  FEI<LOW-SBBVANT. 
STAGING  MAN   FELLOW-SERVANT  OF  MINEBS. 

Timbermen  working  on  a  timber  staging  in  the  shaft  of  a  mine 
while  the  shaft  and  timbering  are  in  process  of  construction  are  fellow- 
servants  of  the  miner  working  in  the  shaft,  where  such  staging  was 
changed  from  day  to  day  and  the  blasting  left  irregularities  behind 
the  timbers  used  in  placing  the  sets,  and  the  duty  of  carefidly  con- 
structing such  stagings  and  working  on  them  was  not  a  nondel^able 
duty^  but  one  which  the  mine  operator  could  delegate  to  the  coem- 
ployees  of  the  miner,  and  such  coemployees  are  his  fellow-servants 
for  whose  n^gUgence  the  operator  is  not  liable,  as  the  doctrine  of 
safe  place  does  not  apply  while  the  shaft  and  timbering  were  in  process 
of  construction. 

Kaaro  v.  Ahmeek  Min.  Go.  (Michigan),  146  Northweatem,  149,  p.  156,  March,  1914. 
FELLOW-SERVANT   DOCTRINE   OF   LIABILITY. 

The  fellow-servant  doctrine  can  not  be  interposed  to  defeat  the 
liability  of  the  operator  of  a  coal  mine  for  the  death  of  a  miner  where 
the  death  was  due  to  the  failure  of  the  operator  to  perform  properly 
a  nondelegable  duty. 

Big  HiU  Coal  Co.  v,  Clutts,  208  Fed.,  524,  p.  526,  November,  1913. 

NEOLIQENCE  OF  FELLOW-SERVANT  NOT  A  DEFENSE. 

Under  the  Missouri  statute  (R.  S.  1909,  sec.  5440),  providing  that 
every  person  operating  a  mine  producing  lead,  zinc,  coal,  or  other 
minersJs  shall  be  liable  for  all  damages  sustained  by  the  employees 
while  engaged  in  operating  such  mine,  by  reason  of  the  negligence 
of  any  other  servant  or  employee,  in  the  absence  of  contributory 
negligence  the  feUow-servant  rule  can  not  be  interposed  as  a  defense. 

Martin  v.  Farmers'  Coal  Co.  (Missouri),  160  Southwestern,  816,  p.  818,  November, 
1913. 


102  CURRENT  DECISIONS  ON   MINES  AND  MINING. 

CABE  m  SELECTING  SERVANTS. 

A  mine  operator  is  not  responsible  to  a  miner  for  injnrieB  resulting 
from  the  negligence  of  a  feUow  miner  engaged  in  a  common  employ- 
ment where  the  operator  has  exercised  due  care  in  the  selection  and 
employment  of  such  fellow  miner;  neither  is  the  operator  liable 
where  a  person  employed  to  represent  him  in  the  general  supervision 
of  the  mining  operations  departs  from  the  scope  of  his  employment 
and  does  the  work  of  a  feUow  miner. 

lianees  v.  Clinchfield  Coal  Corporation  (Tennessee),  162  Southwestern,  1105,  p. 
1108,  January,  1914. 

NEGLIGENCE   OF  OPEBATOR  AND  OF  FEIXOW-SEBYANT. 

Ordinarily  a  miner  assumes  the  risks  of  injury  by  the  n^ligence 
of  a  fellow  miner  but  not  the  negligence  of  the  fellow  miner  plus  that 
of  the  mine  operator,  and  the  liabihty  of  the  operator  may  exist 
though  the  negligence  of  the  fellow  miner  was  nearest  the  injury  in 
point  of  time,  if  it  was  not  the  sole  cause  of  the  injiuy  and  if  the 
injury  would  not  have  occurred  but  for  the  more  remote  negligence 
of  the  operator. 

Humphreys  v.  Raleigh  Coal  &  Coke  Co.  (West  Viiginia),  80  Southeastern  803, 
p.  806,  February,  1914. 

fellow-servant's   DUTY  TO  KEEP  APPLIANCES  SAFE. 

In  an  action  against  a  mine  operator  for  the  death  of  a  miner 
caused  by  the  alleged  n^ligence  of  the  operator  there  can  be  no 
recovery  under  a  count  based  on  the  common-law  duty  of  the  oper- 
ator to  furnish  safe  apphances  and  machinery,  where  the  evidence 
shows  that  the  duty  of  keeping  such  appliances  and  machinery  in 
proper  condition  was  conunitted  to  the  fellow-servants  of  the  intes* 
tate  and  that  the  particular  defect  complained  of  was  due  to  want  of 
care  and  diligence  in  inspecting  and  in  repairing  the  defective  con- 
dition on  the  part  of  such  fellow-servants. 

Espey  V  Cahaba  Coal  Co.  (Alabama),  64  Southern,  753,  p.  754,  February,  1914. 

WHO   ABE   FELLOW-SERVANTS. 

An  employee  of  a  smelting  and  refining  company  employed  and 
working  for  a  smelting  works  and  who  was  directed  to  sweep  off 
the  tramway  tracks  is  a  fellow-servant  with  the  motorman  running 
a  motor  engine  whose  duties  were  to  operate  the  cars  and  motor, 
being  small  ore  cars  and  a  motor  used  to  haul  ores  from  the  roaster 
up  to  the  reverberatories,  and  the  smelting  corporation  is  not  Hable 
an  injury  to  such  sweeper  caused  by  the  neghgence  of  the  man 
operating  the  motor. 

Consolidated  Kansas  City  Smelting  &  Refining  Co.  v.  Lopez  (Texas  Civil  Appeals), 
166  Southwestern,  498,  May,  1914. 


MINES  AND  MINING  OPEBATIONS.  lOS 

NBGL10£NCE  OF  FELLOW-SEBTANT  AND  OF  INJURED  MIN1BB. 

A  mine  operator  is  not  liable  for  the  death  of  a  miner  where  either 
he  or  a  coal  miner  in  an  adjacent  entry,  or  both,  drove  their  headings 
tmdtdy  wide,  thereby  leaving  the  wall  or  rib  so  thin  that  a  blast  in 
the  adjacent  entry  or  heading  burst  through  the  thin  wall,  causing 
his  death,  as  this  did  not  constitute  an  imsafe  place  within  the 
common-law  doctrine  of  the  operator's  duty  in  respect  to  furnishing 
his  miner  a  safe  place  in  which  to  work,  for  the  reason  that  the  work 
in  which  the  deceased  miner  and  his  cominer  were  engaged  created 
the  place  itself  and  the  defective  condition  complained  of. 

SkflB^Sheffield  Steel  &  Iron  Ck>.  i;.  White  (Alabama),  65  Southern,  999,  p.  1,000» 
May,  1914. 

KmEB'S  WOBKINa  PIPAGE. 
WHAT  CONSTITUTES — QUESTION  OF  FAOT. 

Where  it  is  a  miner's  duty  to  make  and  keep  his  working  place 
safe,  and  where  it  is  the  operator's  duty  to  keep  other  places  and 
entries  in  the  mine  safe,  and  where  in  an  action  for  damages  for  the 
death  of  a  miner  caused  by  a  fall  of  rock  from  the  roof,  and  where 
there  is  a  conflict  of  evidence  as  to  whether  the  miner  was  killed  in 
his  working  place  and  at  a  point  where  the  mine  operator  woxild  be 
liable,  the  question  of  what  constitutes  the  miner's  working  place 
and  whether  the  death  occurred  at  such  place  becomes  one  of  fact 
to  be  determined  by  the  jury  trying  the  case. 

Goode  V.  Central  Coal  &  Coke  Co.  (MisBoiiri  Appeals),  106  Southwestern,  844,  May, 
1914. 

In  an  action  to  recover  damages  for  the  death  of  a  miner  caused  by 
the  f alfing  of  a  large  rock  from  the  roof,  due  to  the  alleged  n^Ugence 
of  the  mine  operator,  under  an  allegation  that  the  miner  was  killed 
while  eating  his  lunch  '^  at  a  point  in  the  mine  from  15  to  25  feet  north 
of  his  working  place,"  the  plaintiff  is  not  compelled  literaUy  to  sustain 
the  all^ation  in  the  petition  that  the  miner  was  killed  between  15 
and  25  feet  from  his  working  place,  as  the  substantial  point  of  con- 
troversy was  whether  the  miner  was  killed  away  from  his  working 
place,  where  the  operator  would  be  liable  for  the  condition  of  the 
roof,  or  at  his  workrog  place,  where  he  was  supposed  to  look  out  for 
himself,  and  the  operator  would  not  be  Uable;  and  if  he  was  not  at 
his  workrog  place  when  killed  it  is  of  no  consequence  whether  he  was 
at  a  less  or  a  greater  distance  from  his  working  place,  and  the  distance 
is  not  material  unless  the  exact  distance  affected  the  operator's 
liability  on  the  main  chaise,  and  then  it  woidd  be  proper  to  require 
strict  proof  of  the  allegation. 

Goode  n.  Central  Coal  &  Coke  Co.  (Missouri  Appeals),  166,  Southwestern,  844,  May, 
1914. 
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MINER   BATING   LUNCH — WORKING   PLACE. 

A  miner  directed  by  the  mine  foreman  to  leave  his  regular  work 
and  working  place  to  perform  services  in  other  parts  of  the  mine 
and  in  a  plaee  that  is  in  fact  dangerous,  and  of  which  he  has  no  knowl- 
edge, is  within  the  scope  of  his  employment  where  at  the  proper 
hour  he  was  eating  his  lunch  within  a  few  feet  of  his  working  place 
and  during  that  time  received  the  injuries  complained  of,  and  he  had 
not  thereby  voluntarily  left  his  working  place  and  was  not  outside 
of  the  scope  of  his  employment. 

Domestic  Block  Coal  Co.  v.  Ilolden  (Indiana  Ap]>eAls),  103  Northeastern,  73,  p.  77, 
November,  1913. 

FAILURE   TO   MAKE    WORKING   PLACE   SAFE. 

A  mine  operator  engaged  in  mining  baiytes  by  means  of  an  open 
ditch  some  25  feet  wide  at  the  top,  12  feet  at  the  bottom,  and  of  a 
depth  varying  from  15  to  25  feet,  is  guilty  of  actionable  n^Ugence 
in  failing  to  exercise  ordinary  care  to  make  the  working  place  safe 
and  by  reason  of  the  mine  foreman  negligently  ordering  the  miner 
to  work  in  such  unsafe  place  where  without  any  warning  and  without 
any  knowledge  on  his  part  of  the  darker  and  by  reason  of  the  steep 
sides  of  the  minii^  ditch  a  large  lump  of  dirt  and  clay,  loosened  by 
reason  of  explosives  used,  roUed  down  the  bank  and  caused  the  injuries 
complained  of. 

Evans  Chemical  Works  v.  Ball  (Kentucky),  167,  Southwestern,  390,  p.  391,  June, 
1914. 

MINER  MAKING  PLAGE  SAFE. 

The  general  duty  of  a  master  of  an  employer  to  provide  safe  working 
.  places  for  his  employee  does  not  apply  where  the  employee  either  by 
custom  or  contract  is  engaged  in  making  his  own  place  safe  and  where 
the  character  of  the  work  is  such  that  the  condition  of  the  place  as 
represents  safety  necessarily  changes  as  the  work  progresses  and  by 
reason  of  the  work  itself,  as  it  is  impracticable,  if  not  impossible^ 
for  the  employer  to  look  out  and  provide  for  the  safety  of  the  em- 
ployee under  such  circumstances;  and  this  exception  has  special 
application  to  the  work  in  a  mine  of  cutting  down  and  blasting  coal, 
as  in  such  case  the  character  of  the  place  is  constantly  changing  and 
the  miner  is  in  fact  making  his  own  working  place;  but  when  the 
place  where  the  work  is  being  done  ceases  to  be  one  which  the  miner 
makes  for  himself  as  an  incident  to  his  work,  and  the  work  being 
done  does  not  necessarily  change  the  character  of  the  place  as  respects 
safety  within  the  obligation  of  reasonable  care,  then  the  duty  to  keep 
such  places  safe  rests  primarily  upon  the  mine  operator. 

Dasher  v,  Hocking  Min.  Co.,  212  Fed.,  628,  p.  632,  April,  1914. 
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CONTBIBTrrOBY  NBGLIOBVGB  dF  lONBB. 
BE€X>VERY   NOTWITHSTANDINO   CONTRIBUTORY   NEQLIQENCE. 

A  miner  may  recover  for  an  injury  caused  by  the  negligence  of  a 
mine  operator,  though  his  own  negligence  contributed  to  the  injury, 
if  the  operator  might  by  the  exercise  of  reasonable  care  and  prudence 
and  by  giving  timely  warning  have  avoided  the  consequence  of  the 
miner's  negligence. 

Big  Hill  Coal  Co.  v.  autto,  208  Fed.,  624,  p.  526,  November,  1913. 

BURDEN   OF   PROOF. 

In  the  Federal  courts  the  burden  is  upon  the  defendant  mine 
operator  to  show  that  the  injury  to  a  miner  sustained  while  obeying 
the  orders  of  his  superior  was  the  result  of  his  contributory  negli- 
gence or  that  his  negligence  contributed  to  the  injury. 

Philadelphia  <!k  Beading  Coal,  etc.,  Co.  i;.  Eeslusky,  209  Fed.,  197,  p.  199,  November, 
1913. 

In  an  action  i^ainst  a  mining  company  for  the  death  of  an  employee 
where  the  cause  of  the  death  is  not  explicable  and  where  nothing  is 
shown  as  to  the  conduct  of  the  deceased  immediately  prior  and  at  the 
time  of  receiving  his  death  by  an  electrical  current,  the  burden  of 
proving  contributory  negligence  on  the  part  of  the  deceased  sufficient 
to  relieve  it  from  liability  is  on  the  defendfmt  and  is  a  question  of 
fact  for  the  jury  unless  there  is  but  one  conclusion  which  can  rea- 
sonably be  reached  from  the  evidence. 

Hill  1^.  Pacific  Gas  &  Electric  Co.  (Oalifomia),  136  Pacific,  492,  p.  499,  November, 
1913. 

FAILURE  TO   COMPLY   WrTH   RULES. 

Where  a  rule  of  a  mine  provided  that  no  employee  should  come 
into  the  shaft  where  timbering  was  going  on  without  knocking  on 
the  pipe,  and  should  not  attempt  to  ascend  without  answer  by  the 
timberman  by  rapping  on  the  pipe  and  calling  down,  and  a  machinist 
who  failed  to  observe  the  rule  and  was  killed  at  the  bottom  of  a  shaft 
by  falling  timber  is  guilty  of  such  contributory  negligence  in  failing 
to  comply  with  the  rule  as  will  defeat  a  recovery. 

American  Zinc  Co.  v.  Smith  (Mhsouri),  161  Southwestern,  494,  p.  496,  November, 
1913. 

VIOLATION   OF   RULE   OF   MINE. 

An  experienced  miner  who  was  injured  by  a  fall  of  slate  from  the 
roof  of  a  mine  can  not  recover  for  an  injury  where  the  evidence 
shows  that  at  the  time  the  slate  fell,  and  as  a  cause  of  its  falling,  the 
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miner  was  digging  down  coal  from  an  entry  stump  contrary  to  the 
rules  of  the  mine,  known  to  him,  and  while  so  digging  down  coal 
from  the  entry  stump  other  miners  warned  him  that  the  slate  was 
loose  and  liable  to  fall. 

Sams  V.  Grey  (Kentucky),  161  Southwestern,  553,  December,  1913. 
DELEGATION   OF  DUTY GIVING   OF    SIGNALS. 

While  under  certain  circumstances  the  giving  of  signals  may  be  a 
nondelegable  duty  of  the  master,  yet  it  is  not  meant  by  the  word 
''nondelegable''  that  the  master  may  not  impose  the  duty  upon  a 
given  employee  to  give  signals  prescribed  for  his  own  safety;  and 
an  action  can  not  be  maintained  by  an  injured  miner  where  it  was 
his  duty  to  direct  other  employees  by  means  of  signals,  and  where 
his  own  injury  was  due  to  the  fact  that  such  signals  were  improperly 
given,  or  were  not  given  at  such  time  and  place  as  his  duty  required. 

American  Zinc  Co.  v.  Smitli  (Missouri),  161  Southwestern,  494,  p.  495,  November, 
1913. 

QUESTION  OF  FACT. 

The  question  of  the  contributory  negligence  of  a  miner  is  a  ques- 
tion of  fact  to  be  submitted  to  a  jury  in  an  action  by  the  miner  for 
personal  injuries  unless  the  evidence  is  without  conflict  and  is  of  such 
character  as  to  afford  no  opportunity  for  fair-minded  men  to  differ 
upon  the  conclusion  to  be  reached  thereon,  and  in  such  case  it  may 
become  a  question  of  law  for  the  court. 

CJamey  Coal  Co.  v,  Benedict  (Wyoming),  140  Pacific,  1013,  p.  1015,  May,  1914. 

ADMISSIBILmr   OF   STATEMENTS   OF   INJURED   MINER. 

I 

A  voluntary  declaration  or  statement  made  by  an  injured  miner 
to  a  third  person  after  he  received  tilie  injury  and  after  he  had  begun 
an  action  to  recover  dami^es,  as  to  his  knowledge  of  the  cause  of 
tike  injuiy  and  as  to  his  negligence  contributing  to  bring  it  about, 
is  admissible  in  evidence  as  a  declaration  against  his  interest,  and 
especially  so  if  such  statement  or  admission  is  contrary  to  the  position 
taken  by  the  party  at  the  trial  of  the  case. 

Peterson  v.  Pittsburg  Silver  Peak  Gold  Mib.  Co.  (Nevada),  140  Pteliic,  510,  p.  525, 
April,  1914. 

KNOWLEDGE  OF   DANGEB. 

In  an  action  by  a  miner  for  injuries  occasioned  by  the  falling  of 
rock  and  slate  from  the  roof  of  an  entry  the  plaintiff  can  not  recover 
if  he  was  guilty  of  negligence  which  proximately  contributed  to  cause 
his  injuries,  and  if  he  had  knowledge  of  the  particular  danger  which 
caused  the  iajury  and  of  the  alleged  defect  in  the  defendant's  ways, 
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woriks,  machinery,  and  with  such  knowledge  went  in  close  and 
dangerous  proximity  to  such  dangers  and  defects,  knowing  at  the  time 
that  he  would  likely  or  probably  be  injured,  and  was  in  fact  injured 
as  a  proximate  consequence  of  such  negligence. 

Don  V.  Wadsworth  Red  Aah  Coal  Co.  (Alabama),  64  Southern,  341,  p.  342,  January, 
1»14. 

KNOWLEDGE   OF  DANGER — lONEB   CREATIKG   DANGEBOUS    COlfDrnON. 

An  experienced  miner  engaged  at  the  direction  of  the  pit  boss  in 
brushing  the  roof  of  aa  entry  to  make  it  of  sufficient  height  to  admit 
cars  can  not  recover  for  the  injuries  caused  by  the  fall  of  slate  from 
the  roof  where  he  is  working,  though  directed  by  the  pit  boss  to 
proceed  with  the  brushing  until  completed  before  timbering,  where  he 
knew  how  to  test  the  condition  of  the  roof  by  sounding,  and  where 
sounding  would  have  revealed  to  him  the  danger;  and  in  an  action 
for  damages  imder  such  circumstances  the  burden  of  proof  was  on 
him  aflSrmatively  to  prove  his  freedom  from  contributory  n^ligence. 

Williams  v.  Craig  Dawson  Coal  Co.  (Iowa),  146  Northwestern,  735,  p.  736,  April,  1914. 

INJURY  TO   MINER — PROOF  OF   CUSTOM. 

In  an  action  by  a  miner  for  injury  caused  while  riding  on  a  skip 
being  drawn  out  of  the  mine  it  is  proper  to  show,  as  against  a  charge 
of  contributory  negligence  and  a  violation  of  rtdes  in  that  not  more 
than  five  persons  should  ride  on  a  skip  and  that  no  miner  should  sit 
on  the  bail  of  the  skip,  a  position  r^arded  more  dangerous,  that  it 
was  customary  for  six  miners  to  ride  out  of  the  mine  in  the  skip  at 
one  time,  and  that  when  six  persons  were  riding  in  the  skip  it  was 
necessary  that  one  of  them  should  sit  upon  the  bail. 

Federal  Min.  &  Smelting  Co.  i;.  Hodge,  213  Fed.,  605,  p.  607,  May,  1914. 

CAPACITY  OF  EMPLOYEE   PRESUMED. 

In  an  action  by  a  miner  for  injuries  against  a  mine  operator  the 
operator  may,  as  against  a  chaige  of  negligence,  presume  that  an  em- 
ployee was  a  person  of  normal  capacity  for  understanding  and  appre- 
ciating dangers,  that  he  was  in  good  health,  and  his  general  faculties 
as  to  memory  and  otherwise  were  excellent;  but  this  presumption  is 
only  the  equivalent  of  the  statement  that  the  question  whether  the 
employee  ought  to  have  known  of  the  defective  conditions  surroimd- 
ing  him  must  be  considered  in  the  light  of  his  capacity  for  understand- 
ijQg  the  dangers  of  his  position,  and  an  instruction  to  that  effect  is 
not  erroneous. 

Ingalls  V.  Monte  Crbto  Oil  &  Development  Co.  (California),  139  Pacific,  97,  p.  99, 
Mardi,  1914. 


108  CURRENT  DECISIONS  i)N   MINES  AND   MINING. 

FAILURE   TO   HEED   WARNING. 

A  miner  is  guilty  of  contributory  negligence  in  attempting  to  pass 
through  an  open  cage  at  the  bottom  of  the  shaft  and  not  heeding 
a  timely  warning  that  the  signal  had  been  given  and  the  cage  would 
be  started;  and  it  is  immaterial  under  such  circumstances  whether 
the  warning  was  given  by  the  mine  foreman  or  by  a  coemployee  if 
the  warning  was  timely  and  sufficient  to  advise  the  miner  of  the 
danger  in  attempting  to  enter  the  cage. 

Kentucky  Midland  Coal  Co.  v.  Vincent  ( Kentucky )»  166  Southwestern,  815,  May, 
1914. 

EMPLOYEE   PURSUING   DANGEROUS   METHOD. 

An  employee  injured  while  pm^uing  a  dangerous  method  of 
ascending  a  ladder  on  an  oil  derrick  is  guilty  of  contributory  negligence 
where  an  ordinarily  prudent  person  woidd  have  pursued  a  safer  method 
for  such  purpose. 

Guffey  Petroleum  Co.  v.  Dinwiddle  (Texas  Civil  Appeals),  168  Southwestern,  439, 
p.  443,  June,  1914. 

In  an  action  for  the  death  of  a  miner  due  to  the  alleged  n^ligence 
of  the  operator  in  that  the  miners  working  for  the  operator  negli- 
gently caused  a  car  to  rim  against  him,  thereby  killing  him,  a  plea 
of  contributory  negligence  is  sufficient  where  it  avers  that  the  car 
was  being  drawn  along  the  track  by  a  cable  attached  to  a  drum  near 
the  opening  of  the  mine,  which  the  deceased  miner  knew;  that  the 
track  was  on  a  slope  leading  out  of  the  mine;  that  the  slope  at  the 
place  where  the  deceased  miner  was  struck  by  the  car  was  unob- 
structed for  a  distance  of  5  feet  on  either  side  of  the  track,  and  tHat 
the  deceased  miner,  being  aware  that  the  car  was  approaching  and 
was  in  dangerous  proximity  to  him,  negligently  failed  to  get  oflF  the 
track  before  the  car  struck  him. 

Haigler  v.  Sloss-Sheffield  Steel  &  Iron  Co.  (Alabama),  65  Southern,  801,  p.  802, 
June,  1914. 

There  can  be  no  recovery  for  the  death  of  a  miner  under  the 
Alabama  statute  on  the  alleged  ground  of  negligence  in  the  operator 
for  a  defect  in  the  condition  of  the  ways,  works,  machinery,  or  mine 
of  the  operator  which  had  not  been  discovered  or  remedied  where 
the  defective  condition  was  brought  about  either  by  the  disobedient 
or  negligent  execution  of  the  work  of  the  deceased  miner,  or  where  his 
death  occurred  contemporaneously  with  and  in  the  course  of  his  crea- 
tion of  the  particular  condition. 

Sloes-Sheffield  Steel  &  Iron  Co.  v.  White  (Alabama),  65  Southern,  999,  p.  1,000, 
May,  1914. 
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FBBEDOM  FROM  CONTBIBT7TOBY  NBGUGEKCB. 
MINEB   MAY   ASSUME    PLACE   IS   SAFE. 

Where  a  miner  is  ordered  by  a  mine  operator  to  leave  his  accus- 
tomed place  and  work,  and  engage  in  other  work  for  the  operator 
which  subjects  him  to  increased  or  additional  danger,  unknown  to 
him,  he  has  a  right  to  assume  that  the  operator  has  used  ordinary 
and  reasonable  care  to  make  the  particular  place  where  he  is  required 
to  perform  the  new  and  temporary  service  reasonably  safe  and  that 
the  operator  will,  at  least,  use  ordinary  care  to  keep  the  place  safe 
while  he  is  doing  the  work. 

Domestic  Block  Coal  Co.  v.  Holden  (Indiana  Appeals),  103  Northeastern,  73,  p. 
75,  November,  1913. 

MINER  MAY  RELY  ON  OPERATOR  PERFORMING  DUTY. 

A  miner  working  in  a  mine  as  a  driller,  and  whose  only  duty  it 
was  to  drill  after  the  place  had  been  prepared  for  him  and  who  was 
under  no  obligation  to  test  or  make  inspection  of  the  entry  or  place 
in  which  he  is  sent  to  work,  has  a  right  to  rely  upon  an  inspection  made 
by  the  ground  boss  and  shovelers  whose  duty  it  was  to  inspect  and 
make  such  places  safe,  unless  the  danger  was  open  and  obvious,  and 
under  such  circumstances  he  is  entitled  to  recover  for  an  injury 
received  by  falling  rock,  and  especially  where  the  evidence  shows  that 
while  the  injured  nuner  was  working  in  another  part  of  the  mine  the 
foreman  discovered  that  the  place  in  question  was  dangerous  and 
sent  the  driller  there  to  work  without  warning  him  of  the  danger. 

Dolphin  V.  Peacock  Min.  Co.  (Wisconsin),  144  Northwestern,  1112,  p.  1114,  January, 
1914. 

ANSWER   OF   CONTRIBUTORY   NEGLIGENCE   INSUFFICIENT. 

In  an  action  for  damages  for  injuries  received  in  a  mine  the  plaintiff 
alleged  in  his  complaint  that  it  was  his  business  to  drive  cars  loaded 
with  coal  drawn  by  mules  along  an  air  course  in  the  defendant's 
mine  leading  to  an  entry  therein,  and  that  in  performing  such  work 
he  was  required  to  pass  a  trapdoor,  and  that  the  superintendent  in 
the  mine  while  acting  as  such  n^ligently  caused  cars  to  be  placed 
in  the  air  course  between  the  entry  and  the  trapdoor  without  the 
plaintiff's  knowledge,  and  while  driving  along  the  air  course,  and 
without  seeing  the  cars  or  knowing  of  their  presence,  plaintiff  drove 
his  mule  up  against  the  car  so  placed  and  thereby  caused  the  injury 
complained  of,  and  an  answer  by  the  mine  operator  to  the  effect 
that  the  plaintiff  was  guilty  of  negligence  which  proximately  caused 
his  injury,  in  that  it  was  his  duty  to  keep  a  lookout  along  the  track 
in  front  of  him  to  discover  and  avoid  injuries  from  obstructions 
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therein,  and  that  he  n^ligently  failed  to  keep  such  lookout  and 
thereby  failed  to  discover  the  obstruction  in  time  to  avoid  injury, 
and  thereby  proximately  caused  the  injury,  is  defective  for  failing 
to  aver  that  the  obstruction  could  have  been  discovered  or  that  the 
injury  could  have  been  avoided  by  keeping  a  lookout. 

Slo0B-Sheffield  Steel  &,  Iron  Co.  v.  Russell  (Alabama),  65  Southern,  137,  April,  1914. 
KNOWLEDGE  OF  DANGER — ^ASSURANCE  OF  SAFETY. 

A  miner  under  20  years  of  age  who  had  had  but  little  experience 
as  a  coal  miner  and  had  no  previous  experience  in  the  particular 
mine  can  not  be  chaiged,  as  a  matter  of  law,  with  contributory  negli- 
gence for  working  in  a  dangerous  place  where  it  appears  that  the  mine 
foreman  assured  him  that  the  place  where  he  was  put  to  work  was 
safe  and  where  he  examined  and  tested  the  slate  and  there  was  nothing 
in  its  appearance  to  indicate  that  it  would  fall  and  where  the  danger 
from  draw  slate  was  not  so  obvious  that  a  person  of  ordinary  prudence 
would  have  refused  to  go  on  with  the  work. 

Interstate  Coal  Co.  v.  Trivett  (Kentucky),  160  Southwestern,  728,  p.  730,  Novanber, 
1V13. 

WANT    OF    KNOWLEDGE    OF    DANGER — RIDING    ON   TOP   OF    ELEVATOR. - 

A  miner  is  not  to  be  charged  with  contributory  negligence  where  in 
being  hoisted  from  the  mine  he  was  dir^ted  by  the  foreman  to  take 
a  position  on  the  top  of  the  cage,  there  being  insufficient  room  for  all 
the  miners  in  the  cage,  and  where  the  foreman  in  the  cage  gave  the 
proper  signal  for  hoisting  the  cage  and  for  stopping  it  at  the  surface 
level,  pursuant  to  the  regular  signal  code,  but  where  by  reason  of  the 
operator's  negligent  and  improper  method  of  maintaining  the  signal 
wire  and  appUance  the  proper  signal  for  stopping  the  cage  at  the  sur- 
face level  was  not  received  by  the  hoisting  engineer,  but  by  reason 
of  such  negligent  and  improper  method  of  maintaining  the  signal 
wire  and  appliance  the  hoisting  engineer  received  a  different  signal 
indicating  that  the  cage  was  to  be  carried  to  the  top  of  the  framework 
supporting  the  elevator  drum  or  wheel,  to  which  point  the  cage  was 
carried  in  dumping  ore,  and  where  by  reason  of  such  defective  sig- 
naling system  the  miner  received  the  injuries  complained  of,  and  where 
the  injured  miner  did  not  know  that  the  position  in  itself  was  danger- 
ous, and  where  it  did  not  appear  to  be  dangerous,  and  where  he  did 
not  know  of  the  defective  signaling  system,  and  where  it  appeared 
that  miners  did  frequently  take  a  position  on  the  top  of  the  cage  in 
riding  out  of  the  shaft. 

Johaneen  v.  Pioneer  Min.  Co.  (Washington),  137  Pacific,  1019,  p.  1022,  January,  1914. 
See  Federal  Min.  <&  Smelting  Co.  v.  Hodge,  213  Fed.,  605,  p.  607. 
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OBEDIENCE  TO  FOBEMAN's  OHDEBS — BIDING  ON  TOP  OF  CAGE. 

A  miner  injured  while  riding  on  the  top  of  the  cage  in  being  carried 
out  of  a  mine  is  not  to  be  charged  with  contributory  n^^Iigence 
where  he  took  his  position  on  the  top  of  the  cage  in  obedience  to  the 
orders  of  the  mine  foreman,  and  where  the  danger  was  not  so  glaring 
and  apparent  that  a  reasonably  prudent  person  would  have  refused 
to  obey  the  order  given  and  where  miners  frequently  rode  out  of  the 
mine  on  the  top  of  the  cage,  and  a  miner  under  such  circumstances 
is  required  to  obey  and  is  still  under  the  direction  of  the  foreman  in 
going  to  or  from  his  work  as  much  as  while  actually  engaged  in  the 
work  itself. 

Johansea  v.  Pioneer  Min.  Co.  (Washington),  137  Pftcific,  1019,  p.  1023,  January,  1914. 

FAILUBE  TO  HEED   WABNING. 

Aminer  killed  in  the  haulageway  or  tunnel  of  a  mine  by  carsof  loaded 
coal  is  not  to  be  charged  with  contributory  negligence  because  he  did 
not  heed  the  suggestion  of  a  trapper  boy  and  wait  for  the  trip  of  cars 
out  of  the  mine,  where  it  appeared  that  the  trapper  boy  had  no  knowl- 
edge as  to  when  the  driver  would  be  out  or  how  long  it  would  be 
necessary  to  wait,  as  the  cars  ran  at  irregular  periods,  and  where  to 
attribute  contributory  negligence  to  the  deceased  miner  for  failing 
to  wait  for  the  trip  out  would  necessarily  imply  that  the  haulageway 
or  tunnel  beyond  the  trapdoor  was  inherently  dangerous  as  it  was 
then  being  operated. 

National  Fuel  Co.  v,  Maccia  (Colorado),  139  Pacific,  22,  p.  24,  March,  1914. 

PEBFOBHANCE   OF  UNUSUAL  DUTIES. 

A  motorman  operating  a  motor  in  a  coal  mine  injured  by  projecting 
timbers  from  another  motor  or  coal  car  standing  on  the  track,  and  of 
which  he  had  no  knowledge,  can  not  be  charged  with  contributory 
negligence  for  failing  to  observe  the  cars  and  the  projecting  timber 
and  avoiding  the  danger  where  it  appeared  that  the  trolley  line  at 
and  near  the  point  where  the  cars  were  standing  had  for  sufficient  rea- 
sons been  elevated  and  that  it  was  necessary  for  the  motorman  at  and 
near  this  point  to  hold  the  trolley  on  his  motor  up  against  the  trolley 
wire^  and  in  addition  to  the  ordinary  conditions  existing  at  this  place 
a  kink  in  the  trolley  wire  made  it  necessary  for  him  to  give  attention 
to  keeping  the  trolley  pole  in  contact  with  the  trolley  wire  instead 
of  looking  ahead  of  Ids  motor,  and  especially  in  view  of  the  fact  that 
he  had  a  right  to  rely  upon  the  premises  being  kept  reasonably  safe 
for  him  to  do  the  work  that  his  foreman  had  directed  him  to  do. 

Stonega  Coke  &  Coal  Co.  v.  Williamus  (Viiginia),  80  Southeastern,  100,  p.  102,  Novem- 
ber, 1913. 

e3632*— Bull.  90—15 ^9 
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OBEYING   INSTRUCTIONS   OF  PIT  BOSS. 

A  coal  miner  engaged  in  brushing  an  entry  under  the  directions  of 
the  pit  boss  has  the  right  to  assume  that  work  may  be  done  safely  in 
the  manner  directed  by  such  pit  boss,  unless  obviously  dangerous,  or 
as  an  ordinarily  prudent  man  he  must  have  known  better  and  whether 
acting  as  an  ordinarily  cautious  person  would  in  a  like  situation,  he 
ought  to  have  proceeded  with  the  work  as  directed. 

Williams  v.  Craig  Dawson  Coal  Co.  (Iowa),  146  Northwestern,  735,  p.  736,  April,  1914. 

INEXPERIENCED  MINER. 

An  inexperienced  miner  put  to  work  in  a  part  of  a  mine  where  it 
was  not  his  duty  to  inspect  the  roof  and  who  did  not  know  of  the 
dangerous  condition  of  the  roof,  or  the  hazards  incident  to  work 
thereunder,  can  not  be  charged  with  contributory  negligence  in  case 
of  injury,  nor  does  he  under  such  circumstances  assume  the  risk  of 
such  danger. 

Looney  v.  Garfield  Coal  Co.  (Iowa),  147  Nordlwestem,  129,  p.  131,  May,  1914. 

QUESTION  OF  FACT. 

A  car  driver  in  a  drift  mine  injured  by  a  collision  with  an  empty 
car  can  not  as  a  matter  of  law  be  charged  with  contributory  negli- 
gence where  after  he  had  left  a  train  of  empty  cars  at  a  suitable 
place  he  then  hitched  to  the  train  of  loaded  cars  and  started  them 
out  of  the  mine,  and  where  in  the  meantime  the  driver  of  another 
train  of  empty  cars  had  so  dumped  his  cars  that  one  of  them  obstructed 
the  track,  and  where  the  lights  in  the  trackway  were  so  dim  that  the 
driver  in  passing  out  with  the  loaded  train  could  not  see  that  one  of 
the  empty  cars  protruded  from  the  track  on  which  he  was  passing. 

Martin  v.  Farmers'  Coal  Co.  (Missouri),  160  Southwestern,  816,  p.  818,  November, 
1913. 

BIDING   ON   BAIL   OF  SKIP. 

It  is  not  contributory  negligence  as  a  matter  of  law  for  a  miner  to 
sit  on  the  bail  of  a  skip  while  being  drawn  out  of  the  mine  at  an  angle 
of  about  45 ^^  and  where  it  was  customary  for  a  miner  to  so  ride  when 
the  skip  was  crowded  with  men,  and  a  miner  occupying  such  posi- 
tion and  injured  by  coming  in  contact  with  the  bulkhead  is  not,  as  a 
matter  of  law,  prevented  from  recovering  where  the  injury  could  have 
been  avoided  by  the  use  of  the  statutory  indicator  or  a  competent 
signaling  device. 

Federal  Min.  &  Smeltiog  Co.  v.  Hodge,  213,  Fed.,  605,  p.  608,  May,  1914. 
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PBESUMPTION  AS  TO  PEBFORMANCE  OF  DUTY. 

Where  the  obligation  on  the  part  of  an  employer  to  exercise  rea- 
sonable care  to  furnish  a  reasonably  safe  place  exists^  the  employee 
may  properly  act  upon  the  presumption  that  the  duty  has  been 
performed,  and  he  is  not  guUty  of  contributory  negligence  in  so  doing 
unless  he  knows,  or  by  the  exercise  of  reasonable  care  or  prudence 
should  have  known,  of  the  defect  and  danger  complained  of. 

Dasher  v.  Hodring  Min.  Co.,  212  Fed.,  628,  p.  629,  April,  1914. 

.  INSTINCTS   OF  SELF-PSESEBYATION — PBESUMPTION. 

Where  an  accident  occurred  in  a  mine  resulting  in  the  death  of  a 
miner  by  being  caught  and  crushed  between  a  car  and  the  ribs  of  a 
tunnel,  and  where  there  was  no  witness  to  the  accident,  the  presump- 
tion will  be  indulged  that  the  deceased  was  in  the  exercise  of  ordinary 
care  imder  the  circumstances  at  the  time  of  the  accident. 

Smith  V.  Stoner  (Peonflylvania),  89  Atlantic,  795,  p.  797,  January,  1914. 

Where  a  miner  was  injured  by  a  fall  of  over  50  feet  from  a  ladder, 
due  to  the  negligence  of  the  operator,  and  the  injuries  to  the  employee 
were  such  that  the  incidents  of  the  accident  are  a  blank  to  him  and 
he  is  unable  to  give  any  account  of  his  acts  or  doings  at  the  particular 
time  of  the  accident,  it  will  be  presumed  that  he  was  exerdsing  due 
care  at  the  time,  unless  the  circumstances  point  to  the  contrary; 
but  if  the  injured  employee  was  pursuing  a  dangerous  method  of 
ascending  the  ladder,  and  if  an  ordinarily  prudent  man  would  have 
pursued  a  safer  method  for  that  purpose,  then  the  presumption  of 
the  exercise  of  due  care  can  not  prevail. 

Guffey  Petroleum  Co.  v.  Dinwiddle  (Texas  Civil  Appeals),  168  Southwestern,  439, 
p.  443,  June,  1914. 

A  miner  injured  by  a  fall  of  rock  from  the  roof  of  a  room  neck  is 
not,  as  a  matter  of  law,  to  be  charged  with  contributory  negligence, 
because  he  admitted  that  he  knew  that  the  roof  was  bad  and  had  noti- 
fied the  mine  foreman  of  the  condition  and  requested  him  to  make  it 
safe,  where  the  situation  was  not  such  as  to  show  that  it  was  obvious 
to  the  miner  that  the  roof  threatened  immediate  danger;  and  he  had 
a  right  to  continue  using  the  passageway,  provided  a  reasonably 
prudent  man  in  his  situation  would  have  concluded  that  he  could 
do  so  without  subjecting  himself  to  the  danger  of  immediate  injury. 

Crambino  t;.  Manufacturera'  Coal  &  Coke  Co.  (Missouri  Appeals),  164  Southwestern, 
264,  p.  266,  February,  1914. 

PROOF  OF  CUSTOM. 

In  an  action  by  a  miner  injured  while  riding  on  a  skip  being  drawn 
up  in  a  shaft,  and  where  it  appeared  that  the  miner  was  sitting  on 
the  bail  and  cable,  it  is  proper  to  prove  that  it  was  customary  for 
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miners  to  ride  where  the  injured  miner  was  riding,  for  the  purpose 
of  showing  the  customary  method  of  using  the  skip  and  for  the  light 
which  it  might  incidentlj  afford  on  the  question  of  the  miner's  con- 
tributory negligence,  and  the  mere  fact  that  other  miners  may  have 
ridden  in  the  same  position  is  not  conclusive  of  the  question  of  the 
negligence  or  want  of  negligence  on  the  part  of  the  injured  miner, 
nor  does  it  expressly  show  the  assent  of  the  rnining  company  to  any 
particular  manner  or  method  of  using  the  skip. 

Federal  Min.  <&  Smeltmg  Co.  v.  Hodge,  213  Fed.,  605,  p.  607,  May,  1914. 
CONTBIBUTOBY   NEGLIGENCE  OF  MINEB  EXCUSED.  ' 

An  action  for  the  death  of  a  miner  can  not  be  defeated  by  the 
mine  operator  by  showing  that  after  the  miner  made  the  proper  request 
for  props  and  after  the  operator  failed  to  furnish  the  props  on  the 
miner's  demand,  by  showing  that  the  miner  was  guilty  of  contributory 
negligence  in  continuing  to  work  in  the  place  he  regarded  dangerous 
and  that  there  were  other  places  in  which  he  could  have  worked 
safely,  where  it  is  not  made  to  appear  that  the  danger  of  working 
in  the  place  in  which  the  miner  lost  his  life  was  not  so  apparent  and 
impending  that  an  ordinarily  prudent  person  would  have  reject-ed 
the  risk. 

Continental  Coal  Corporation  v.  York  (Kentucky),  167  Southweetem,  131,  p.  132, 
June,  1914. 

ASSX7XPTIOK  OF  RISK. 

Risks  Assumed. 
Risks  Not  Assumed. 

risks  assumed. 

BURDBN  OP  PROOF. 

Where  a  miner  shows  that  he  was  injured  in  consequence  of  an 
unusual  risk,  due  to  the  operator's  negligence,  the  operator  then  has 
the  burden  of  proof  of  showing  that  the  miner  knew  of  the  unusual 
dangers;  but  the  rule  only  becomes  applicable  in  a  case  where  the 
servant  is  injured  on  account  of  some  risk  unusual  and  unknown,  and 
he  is  entitled  to  recover  if  he  establishes  either  proposition. 

Oiva  V.  Calumet  &  Hecla  Min.  Co.  (Michigan),  146,  Northwestern,  181,  p.  1B5, 
March,  1914. 

QUESTION   OF  FACT. 

Whether  or  not  a  miner  assumed  the  risk  of  injury  is  a  question  of 
fact  for  the  jury  in  an  action  by  the  miner  for  personal  injuries,  and 
a  court  is  not  authorized  to  say,  as  a  matter  of  law,  that  the  danger 
was  obvious,  unless  it  is  shown  by  the  evidence  without  conflict  that 
an  ordmarily  prudent  man  or  one  with  the  experience  of  the  injured 
miner  ought  to  have  known  the  danger. 

Carney  Coal  Co.  v.  Benedict  (Wyoming),  140  Pacific,  1013,  p.  1016,  May,  1914. 
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DISTINCTION  BBTWBEN  ASSUXPTION  OF  RISK  AND  NEOUOENCB. 

There  is  a  wide  distinction  between  assumption  of  risk  and  negli- 
gence; and  while  in  assuming  a  risk  where  danger  is  so  imminent  as 
to  make  such  assumption  a  rash  act  an  employee  may  be  guilty  of 
li^Ugooce,  and  while  upon  the  other  hand  an  employee  who  has  not 
assumed  a  risk  may  yet  suffer  an  injiuy  for  which  he  can  not  recorer 
damage  owing  to  the  negligence  on  his  part  contributing  to  the  injury, 
but  ordinarily  mere  assumption  of  risk  is  not  in  itself  negligence. 

Perreault  v.  'Wuconfiin  Granite  Co.  (South  Dakota),  144  Northwestern,  110,  p.  113» 
September,  1913. 

KNOWLEDGE  OF  DANGER. 

If  a  miner  has  knowledge  of  a  defect  in  the  roof  of  his  entry  or 
working  place,  or  if  such  defect  was  so  obvious  to  him  that  he  could 
not  but  have  known  it,  he  is  to  be  charged  with  the  assumption  of  the 
risk  if  he  continues  to  work  with  knowledge  of  such  danger. 

Victor-Americaii  Fuel  Co.  v.  Peccarich,  209  Fed.,  568,  p.  571,  November,  1913. 

It  is  the  duty  of  a  mine  operator  by  its  foreman  or  mine  boss  ta 
use  ordinary  care  to  timber  the  roof  of  a  mine,  and  the  failure  to  exer- 
cise such  care  will  render  the  mine  operator  liable  in  case  of  injury 
to  a  miner;  but  if  the  miner  by  the  work  he  does  makes  the  place 
dangerous  and  he  knows  the  danger,  or  by  ordinary  care  in  the  dis^ 
charge  of  his  duties  should  have  known  it,  and  with  this  knowledge 
continues  the  work,  he  assumes  the  risk  and  the  operator  is  not  Uable 
for  a  resulting  injury. 

Cooke^ellico  Coal  Co.  v.  Richardson  (Kentucky),  161  Southwestern,  537,  p.  540, 
December,  1913. 

A  miner  injured  by  slate  falling  from  the  roof  at  a  point  where  he 

was  working,  assumes  the  risk  of  danger  where  he  has  knowledge  of 

the  dangerous  condition  of  the  roof  and  knew  that  props  were  neces- 

sary  to  the  safety  of  the  place  and  where  props  had  been  furnished 

by  the  operator  for  the  purpose  of  propping  the  roof  but  were  not  used 

because  they  would  make  it  more  inconvenient  for  the  miner  to  get 

the  coal  from  the  place  where  he  was  digging  to  the  cars. 

Branson  v.  Clover  Fork  Coal  Co.  (Kentucky),  164  Southwestern,  304,  p.  305,  March, 
1914. 

An  employee  in  a  stone  quarry  assumes  the  risk  of  injury  from 
dangers  of  which  he  has  knowledge,  and  the  rule  applies  to  dangers 
which  he  might  have  discovered  by  the  exercise  of  reasonable  care, 
and  especially  where  the  danger  is  of  such  a  character  that  any  person 
of  ordinary  intelligence  could  understand  and  appreciate;  and  in 
cases  to  which  the  doctrine  of  assumption  of  risk  applies  it  must  be 
held,  as  a  matter  of  law,  that  an  employee  who  voluntarily  encounters 
a  known  and  appreciated  danger  assumes  the  risks  of  any  injury 
resulting  therefrom. 

Sare  v.  Hoadley  Stone  Co.  (Indiana  Appeals),  105  Northeastern,  582,  p.  584,  June, 
1914. 


116  CURRENT  DECISIONS  ON   MINES  AND  MINING. 

8AJPE  PLACES — MINES  MAKING  PLAGE   SAFE. 

A  mine  operator  is  not  liable  for  the  death  of  a  trammer  on  the 
ground  of  alleged  negligence  in  failing  to  furnish  a  safe  working  place 
where  it  appears  that  trammers  and  miners  were  working  together 
in  a  stope  and  it  was  the  duty  of  the  miners  to  inspect  the  wall,  and 
had  in  fact  inspected  and  taken  down  loose  rock  from  the  hanging 
wi^l  of  the  stope  recently  before  the  accident,  and  the  operator  can 
not  be  charged  with  negligence  in  failing  to  furnish  a  safe  working 
place  where  inspection  was  properly  and  carefully  made  by  the 
proper  persons  and  especially  where  the  trammers  and  miners  jointly 
acting  together  were  making  the  place  of  work,  in  part  at  least. 

Kochin  v.  Superior  Copper  Co.  (Michigan),  148  Northwestern,  252,  p.  253,  July,  1914. 

DIFFERENT  METHODS  OP  PBBFOBMING  8BRVIGE. 

Where  there  are  two  methods  by  which  a  service  may  be  performed 
one  perilous  and  the  other  safe,  a  miner  who  voluntarily  chooses 
the  perilous  rather  than  the  safe  one  assumes  the  risk  of  sudi  perilous 
one;  but  the  rule  does  not  apply  where  it  is  not  shown  that  the  miner 
knew  that  the  method  he  adopted  was  a  dangerous  one,  or  that  it 
was  in  fact  more  perilous  than  the  other,  in  the  absence  of  the  oper- 
ator's negligence;  and  if  a  danger  is  not  so  absolute  or  imminent  that 
injury  must  almost  necessarily  result  from  an  obedience  on  the  part 
of  the  miner  to  an  order,  and  the  servant  obeys  the  order  and  is 
injured,  the  operator  can  not  defend  himself  on  the  ground  that  the 
miner  should  not  have  obeyed  the  order. 

Johansen  v.  Pioneer  Min.  Co.  (Washing^n),  137  Pacific,  1019,  p.  1022,  Januray, 
1914. 

KNOWLEDGE  OF  SAFE  AND  DANGEROUS  METHODS. 

A  miner  engaged  in  a  coal  mine  assumes  the  risk  of  the  dangerous 
condition  of  a  roof  in  an  entry,  xiotwithstanding  the  negligence  of 
the  mine  operator  in  permitting  the  roof  of  the  entry  to  remain  in 
a  dangerous  condition,  where  with  knowledge  of  such  danger  the  miner 
voluntarily  uses  the  entry,  when  there  is  a  safe  entry  equally  con- 
venient and  known  to  him,  on  the  theory  that  where  there  is  open 
to  a  servant  or  miner  the  selection  of  a  safe  and  an  unsafe  way  of 
using  implements  or  premises,  and  with  knowledge  of  the  conditions 
he  voluntarily  and  knowingly  selects  the  unsafe  way,  he  takes  the 
risk  of  any  accident  that  may  happen  to  him. 

Elliott  V,  Greenville  Coal  Co.,  167  Southwestern,  424,  p.  426,  June,  1914. 

laNER  MAKING  HIS   OWN   WORKING  PLACE. 

The  duty  of  a  mine  operator  to  furnish  a  reasonably  safe  place  to 
work  and  to  use  ordinary  care  to  keep  safe,  or  as  to  directing  and 
permitting  work  in  an  unsafe  place,  is  a  qualified  duty  and  does  not 
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extend  to  all  the  passing  risks  that  may  arise  in  ever  changing  con- 
ditions of  the  safety  of  the  work  in  the  ordinaiy  and  usual  conditions 
of  the  work  of  which  the  miner  is  as  well  informed  as  the  mine  oper- 
ator, or  the  danger  is  open  and  obvious,  or  can  be  discovered  by*the 

use  of  ordinary  care,  or  under  circumstances  which  impose  on  the 
miner  the  duty  of  making  safe,  or  where  he  is  engagea  in  making 

safe  the  place  where  he  works. 

Lehieh  Portland  Cement  Go.  v.  Basa  (Indiana),  103  Northeastern,  483,  p.  486, 
December,  1913. 

ABSUMFTEON   OF  BISK. 

A  miner  employed  to  look  after  the  safety  of  the  room,  chamber, 
or  entry,  and  whose  duty  it  is  to  make  dangerous  places  therein  safe, 
assumes  the  risk  incident  to  such  work  and  the  mine  operator  is  not 
liable  for  resulting  injury. 

Big  HUl  Goal  Go.  v,  Glutts,  208  Fed.,  524,  p.  529,  November,  1913. 

Where  a  danger  is  obvious  to  a  miner  he  assumes  the  risk  and  the 
employer  will  not  be  liable  for  injuries  that  may  happen  to  him;  and 
generally  a  miner  assumes  the  ordinary  risks  of  the  employment, 
and  where  the  miner  creates  the  danger  in  the  progress  of  his  work 
he  must  take  care  to  protect  himself. 

Evans  Ghemical  Go.  v.  Ball  (Kentucky);  167  Southwestern,  390,  p.  393,  June,  1914. 

laNES  INJURBD  BT  FALUN G  TIMBER. 

A  miner  whose  duty  was  to  load  material  from  the  mills  at  the  foot 
of  the  stopes  in  a  mine  into  a  tramcar  and  push  the  car  to  a  hoist 
assumes  risks  directly  connected  with  his  work,  among  them  the  risk 
that,  notwithstanding  skillful  inspection  of  the  walls  at  proper  inter- 
vals, material  may  become  dislodged  from  the  wall  of  a  mine  and  go 
down  a  stope  into  the  mills  at  the  foot  of  the  stope. 

Qiva  V,  Galumet  &  Hecla  Min.  Go.  (Michigan),  146  Northwestern,  181,  March,  1914. 

UNBXPLODED  BliASTS — LIABILTTY. 

Where  the  evidence  shows  that  four  experienced  miners  were  em- 
ployed by  a  mine  operator  in  sinking  a  winze,  and  two  worked  on 
the  day  and  two  on  the  night  shift  and  did  the  drilling,  blasting, 
and  cleaning  out  of  the  winze  as  they  proceeded,  and  after  some  days 
the  miners  on  the  day  shift  had  drilled  in  the  rock  seven  holes  filled 
with  explosives  from  5  to  6  feet  in  length,  one  of  which  was  in  the 
center  of  the  circle  made  by  the  other  six,  and  in  making  the  explosion 
and  while  one  cap  and  one  fuse  were  used  to  each  drill  hole,  the 
chaiges  were  so  close  to  each  other  that  in  fact  one  explosion  was  all 
that  sometimes  could  be  heard,  two  or  more  at  other  times,  and  the 
fact  that  a  less  number  than  seven  explosions  could  be  counted  was 
no  evidence  that  any  charge  remained  unexploded,  all  of  which  was 
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known  to  the  miners,  and  usually  the  results  of  the  blast  were  left 
in  the  pit  to  be  cleaned  out  by  ^e  succeeding  shift  and  these  took 
conditions  as  they  found  them  with  such  warning  as  the  outgoing 
shift  might  leave,  and  the  miners  under  the  circumstances  are  the 
men  upon  whom  rests  the  duties  to  do  all  that  is  required  to  be  done, 
under  such  circumstances  and  under  the  manner  in  which  the  work 
was  necessarily  performed  the  mine  operator  can  not  be  charged 
with  negligence  in  failing  to  notify  the  miners  of  an  oncoming  shift 
that  there  remained  unexploded  blasts  or  that  the  preceding  shift 
who  shot  off  the  blasts  did  not  hear  as  many  explosions  as  there  were 
blast  holes;  but  in  such  case  the  miner  assumes  the  risk  of  the  injury 
from  unexploded  blasts. 

Oonndseii  v,  Osceola  Consol.  Min.  Co.  (Michigan),  146  Northweetem,  638,  p.  642, 
April,  1914. 

CONSTRUCTION   OF  ENTRY  IN  COAL  MINE. 

Ordinarily  a  miner  in  making  or  completing  an  entry  in  a  coal  mine 
takes  the  risk  of  the  dangers  which  develop  as  the  work  progresses, 
for  he  makes  his  own  working  place. 

Williams  v,  Craig  Dawson  Coal  Co.  (Iowa),  146  Northwestern,  736,  p.  736,  April, 
1914. 

DRIVER  OPBRATINa  8WITQHB8. 

A  driver  employed  to  haul  coal  cars  out  of  a  mine  and  whose  duty 
it  was  among  other  things  to  operate  and  adjust  the  switches  along 
the  tracks  by  means  of  levers,  assumes  the  danger  necessarily  inci- 
dent to  such  work  and  can  not  recover  for  au  injury  where  in  attempts 
ing  to  reach  a  switch  while  standing  inside  of  an  empty  car  he  reached 
out  in  an  effort  to  throw  the  switch  and  lost  his  balance  and  fell 
thereby  causing  the  injury,  though  he  had  been  directed  to  throw 
the  switches  while  the  cars  were  in  motion,  yet  he  had  the  right  to 
stop  and  throw  the  switch  if  he  desired. 

Wallace  v,  Columbia  Coal  Co.  (Kentucky),  166  Southwestern,  769,  May,  1914. 

RISKS    NOT    ASSUMED. 
MAKING   DANQEROUS   PLACES   SAFE. 

A  miner  contracted  to  build  a  wall  across  a  certain  entry  to  keep 
out  fire  damp  coining  through  such  entry  from  an  old  mine  must 
be  regarded  as  in  the  line  of  his  duty  where  he  left  the  work  of  build- 
ing the  wall  and  went  some  distance  to  replace  a  curtain  or  blanket 
to  keep  out  the  fire  damp  from  the  old  mine  and  supply  his  working 
place  with  fresh  air  and  which  had  been  displaced  by  blasting  car- 
ried on  by  other  miners  at  the  direction  of  the  mine  operator  and 
which  blasting  weakened  the  roof  of  the  entry  through  which  the 
miner  was  required  to  pass  and  by  reason  of  which  he  was  injured. 

Victor-American  Fuel  Co.  v.  Peccarich,  209  Fed.,  568,  p.  672,  November,  1913. 
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NBOUQBNCB   OP  OPBBATOR. 

A  motorman  operating  a  motor  hauling  coal  cars  in  and  out  of  a 
mine  does  not  assume  the  risk  of  dangers  due  to  the  negligence  of 
the  operator  and  does  not  assume  the  dangers  incident  to  projecting 
timbers  on  cars  on  an  adjoining  track  where,  by  reason  of  the  con- 
dition of  the  trolley  line  and  acting  under  the  direction  of  the  fore- 
man, his  attention  was  taken  from  the  operation  of  the  motor  by 
being  required  to  hold  the  trolley  pole  against  the  wire  a(  the  time 
he  received  the  injuries  for  which  he  sues. 

Stonega  Coke  &  Goal  Go.  v.  WiUiams  (Viiginia),  80  Southeastern,  100,  p.  103,  Novem- 
ber, 1913. 

A  mine  operator  must  take  reasonable  care  to  protect  his  miners 
from  injury  and  he  owes  them  the  duty  of  providing  them  with  a 
reasoifably  safe  place  in  which  to  work  imd  of  maintaining  it  in  a 
reasonably  safe  condition  during  the  employment,  having  regard  to 
the  character  of  service  required  and  the  dimgers  that  a  reasonably 
prudent  man  would  apprehend  imder  the  circumstances  of  each  par- 
ticular case;  and  this  positive  duty  which  the  mine  operator  owes 
is  not  one  of  the  perils  or  risks  assumed  by  the  miner  in  the  contract 
of  employment,  and  the  miner  is  entitled  to  rely  upon  the  assumption 
that  the  mine  owner  has  performed  the  duty  imposed  on  him  by  law. 

Big  Jack  Mb.  Go.  v.  Partdnson  (Oklahoma),  137  Pacific,  678,  p.  681,  December, 
1913. 

A  miner  injured  while  riding  out  of  the  mine  on  the  top  of  a  cage, 
having  been  directed  to  take  such  position  by  the  mine  foreman 
where  the  cage  was  filled  with  other  miners,  is  not  to  be  charged  with 
assumption  of  the  risk,  because  of  the  presence  of  a  ladder  up  the 
shaft  and  by  which  he  could  climb  out  of  the  shaft  with  perfect 
safety,  where  his  alleged  injury  was  caused  by  the  negligence  of  the 
mine  operator  and  where  it  was  customary  for  miners  to  ride  out  of 
the  mine  on  top  of  the  cage  and  the  position  was  not  in  itself  danger- 
ous in  the  absence  of  the  operator's  negligence. 

Johansen  v.  Pioneer  Min.  Go.  (Washington),  137  Pacific,  1019,  p.  1022,  January,  1914. 

A  miner  never  assumes  the  risks  of  perils  arising  from  the  negli- 
gence of  the  mine  operator,  but  assumes  only  such  risks  as  are  ordi- 
narily incident  to  his  employment  after  the  mine  operator  has  per- 
formed his  whole  duty  with  respect  to  fimiishing  a  reasonably  safe 
place  to  work  and  reasonably  safe  appUances. 

Gambino  v.  Manufacturers'  Goal  d  Goke  Go.  (Missouri  Appeals),  164  Southwestern, 
264,  p.  266,  February,  1914. 

•A  miner  does  not  assume  the  risk  of  negligence  of  the  mine  operator; 
aiid  where  it  is  the  duty  of  a  mine  operator  to  inspect  and  care  for 
the  roof  of  the  mine  so  as  to  render  it  safe,  and  the  operator  failed 
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to  do  80,  a  miner  injured  by  reason  of  such  failure  can  not  be  said  to 
have  assumed  also  the  duty  of  inspection  or  care  as  incidental  to  his 
employment. 

Gflrnego  v.  Crescent  Goal  Co.  (Iowa),  146  Northweetem,  3S',  p.  42,  March,  1914. 

UKEZPLODBO  BLABTS. 

Whatever  may  be  said  as  to  dangers  incident  to  the  employment  of 
miners,  however  forceful  it  may  be  contended  that  missed  holes  are 
frequent  occmrences  in  mining  operations  and  that  such  is  known 
to  the  average  miner,  it  can  not  be  asserted  that  in  modem  mining 
operations,  where  one  group  of  men  follow  and  take  up  the  work  of  a 
previous  group,  they  should  assume  the  risks  attendant  upon  latent 
or  immediate  dangers  left  by  those  who  had  previously  been  engaged 
in  prosecuting  the  work  at  the  same  place;  and  a  miner,  however  dili- 
gent and  paiiuitaking  in  looking  out  and  taking  care  of  his  own  safety, 
is  not  expected  to  assume  either  the  mistakes  of  those  who  preceded 
him  or  their  failure  to  carry  out  the  work  in  the  usual  customary 
manner;  and  this  rule  applies  in  the  case  of  a  missed  hole  left  by  a 
previous  shift,  hidden  and  obscure  as  it  would  necessarily  be,  and 
where  the  miner  with  the  oncoming  shift  receives  no  warning  or 
notice  of  its  existence;  and  the  failure  of  the  mine  operator  to  pro- 
vide a  regular  system  whereby  notice  of  imexploded  holes  was  bulle- 
tined or  reported  by  the  offgoing  shift  must  be  regarded  as  action- 
able negligence  rendering  the  operator  Uable  for  a  resulting  injury. 

Peteraon  v.  Pittsbuig  Silver  Peak  Gold  Min.  Co.  (Nevada),  140  Pacific,  519,  p.  522, 
April,  1914. 

See  Panela  v.  Castile  Min.  Co.  (Michigan),  144  Northwestern,  528,  pp.  533-535, 
December,  1913. 

See  ConnMlsen  v,  Oeceola  Conaol.  Min.  Co.  (Michigan),  146  North westem,  638, 
April,  1914. 

BXPXX>8IVB8. 

Where  mining  operations  are  carried  on  by  blasting  and  the  work 
is  done  by  different  shifts  of  miners,  all  of  the  miners  of  one  shift 
going  out  at  a  particular  time  and  the  other  shift  coming  on,  a  miner 
in  such  new  shift  docs  not  assume  the  risk  of  explosives  remaining 
in  missed  holes,  and  the  operator  ia  chargeable  with  negligence,  in 
case  of  an  injiu'y  to  a  miner  having  no  knowledge  of  any  such  unex- 
ploded  charge,  if  he  fails  to  adopt  a  proper  and  efficient  method  of 
communicating  to  the  new  shift  any  missed  holes  or  unezploded 
charges. 

Peterson  v,  Pittsbuig  Silver  Peak  Crold  Min.  Co.  (Nevada),  140  Pacific,  619,  p.  522, 
April,  1914. 

Tbnela  v.  Castile  Min.  Co.  (Michigan),  144  Northwestern,  528,  p.  535,  December, 
1913. 

EXPLOSIVES — ^DANGBRS    NOT  DI8GOVERA.BLE. 

A  miner  working  in  a  mine  where  dynamite  is  used  for  blasting 
and  where  it  is  permitted  to  be  stored  under  statutory  rules  assumes 
the  risk  of  all  dangers  incident  to  the  storing  of  the  dynamite  as  he 
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saw  it,  but  he  does  not  assume  the  risk  from  a  negligent  method  em- 
ployed by  the  operator  in  thawing  the  dynamite  where  the  thawer 
was  out  of  his  sight  and  with  which  he  had  nothing  to  do  and  had 
no  knowledge  of  the  dangers  incident  to  the  particular  method 
employed  in  thawing  the  dynamite. 

West  Lake  v.  Keating  Gold  Min.  Co.  (Montana),  136  Pbcific,  38,  p.  44,  October,  1913. 

DAMOBBS  NOT  DISCOVERABLE. 

Reasonable  care  and  reasonable  diligence  in  securing  his  safety  is 
required  on  the  part  of  a  miner,  to  the  end  that  he  shall  not  by  his 
own  willful  negligence  bring  about  his  own  injury  or  death ;  but  when 
a  hidden  danger  is  placed  by  others  over  whom  he  has  no  control, 
and  from  whom  he  may  receive  no  warning  or  notice,  in  a  place  where 
he  has  to  perform  lus  services,  he  does  not  assume  the  risk  thereof, 
and  under  this  rule  dangers  arising  from  a  missing  blast  can  not  be 
classified  with  dangers  which  are  incidental  to  nature's  hidden  forces 
and  which  can  not  be  known  or  foreseen  by  human  prescience. 

Peterson  v.  Pittsburg  Silver  Peak  Gold  Min.  Co.  (Nevada),  140  Pacific,  519,  p.  522, 
Apiil,  1914. 

USB  OF  HAULAOB  WAT. 

It  is  the  duty  of  a  mine  operator  to  exercise  reasonable  care  to  make 
a  traveling  or  haulage  way  in  a  mine  a  reasonably  safe  place  and  to 
maintaiji  it  in  that  condition,  and  a  miner  using  such  traveling  or 
haidage  way  does  not  assume  the  risk  arising  from  the  operator's 
failure  to  dkcharge  that  duty,  unless  the  danger  is  obvious  and  the 
miner  with  knowledge  of  the  danger,  appreciation  of  the  risk  attend- 
ing it,  and  without  any  assurance  from  the  operator  that  it  would  be 
remedied,  continued  to  use  the  way. 

Mclnness  i;.  Republic  Coal  Co.  (Montana),  140  Pacific,  235,  p.  237,  April,  1914. 

CHANGE   OP  WORK — UNKNOWN   DANGERS. 

Where  a  mine  operator  takes  a  miner  from  his  regular  working 
place  and  his  regular  work,  to  engage  in  other  work  in  the  mine  which 
subjects  him  to  increased  or  additional  danger  imknown  to  him,  the 
miner  does  not  assume  the  increased  hazard  or  risk  of  the  ne.v  place 
of  work. 

Domestic  Block  Coal  Co.  v.  Holden  (Indiana  Appeals),  103  Northeastern,  73,  p.  75, 
November,  1913. 

KNOWLEDGE   OF  DANGER — ^DEFECnVE  APPUANCES. 

The  fact  that  a  cable  drawing  cars  out  of  a  mine  was  worn  and  had 
been  broken  on  the  end  next  to  the  car,  but  the  end  which  broke  had 
been  put  upon  the  drum  and  the  other  end  used  to  fasten  to  the  cars, 
was  known  to  an  employee  in  a  mine  whose  business  it  was  to  assem- 
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ble  the  loaded  cars  in  a  coal  mine,  fasten  them  together,  and  fasten 
the  cable  to  the  front  car  by  which  the  loaded  cars  were  drawn  out 
of  the  mine,  is  not  sufficient,  as  a  matter  of  law,  to  charge  the  em- 
ployee with  the  assumption  of  risk,  where  he  beheved  the  cable  to 
be  safe  after  it  was  so  fixed  and  did  not  know  of  its  unsafe  condition, 
and  where  it  was  perfectly  safe  to  be  on  the  track  if  the  cable  did  not 
break,  and  where  in  walking  down  the  track  for  the  purpose  of  having 
another  car  ready  he  was  in  the  discharge  of  his  duty. 

Burnet  Fuel  Co.  v.  Ellis  (Texas  Civil  Appeals),  162  Southwestern,  911,  p.  913, 
January,  1914. 

INJURY  FROM  YldOUS  MULE. 

A  driver  of  a  mule  in  a  mine  assumes  the  dangers  ordinarily  mcident 
to  such  an  occupation,  but  he  does  not  assume  the  risk  where  the 
mine  operator  knowingly  furnishes  him  with  a  vicious  mule,  unsafe 
for  use,  and  where  the  miner  did  not  know  of  the  viciousness  and 
unsafeneas  of  the  animal;  and  the  mine  operator  can  not  escape  liabil- 
ity for  an  injury  resulting  from  a  vicious  mule  on  the  ground  either 
that  a  mule  is  inherently  and  unreUably  a  dangerous  animal  or  that 
a  driver  must  be  regarded  as  assumii^  any  and  all  risks  attending 
work  with  a  mule. 

Gatliff  Coal  Co.  v.  Wright  (Kentucky),  163  Southwestern,  1110,  p.  1112,  March,  1914. 

DANGERS  IN  ROOM  NECK. 

The  danger  from  falling  rock  and  d6bris  in  a  room  neck,  the  passage- 
way  leading  from  an  entry  in  a  mine  to  a  room  where  the  miner 
mines  coal,  is  not  one  of  the  risks  of  the  employment  assmned  by  a 
miner,  and  where  a  miner  was  injiu*ed  because  of  the  operator's 
negl^ence  in  failing  to  repair  or  remedy  the  roof,  after  notice  of  the 
defective  condition,  then  the  danger  therefrom  was  not  a  risk  which 
the  miner  assumed. 

Gambino  v.  Manufacturers'  Coal  &  Coke  Co.  (Missouri  Appeals),  164  Southwestern, 
264,  p.  266,  February,  1914. 

COirritACTS  BBLATIKa  TO  OPBBATIONS. 

OPERATING   CONTRACT — XJNCERTAENTY. 

A  contract  whereby  a  landowner  and  coal  company  employed  the 
contractee  to  go  upon  its  land  and  upon  what  was  known  as  the  Ida 
ore  and  Big  Seam  ore,  and  quarry  therefrom  and  furnish  to  the  coal 
company  all  the  outcrop  of  such  Ida  ore  and  6  feet  of  the  Big  Seam 
ore,  the  contract  further  providing  that  the  contractee  was  to  get  out 
for  and  furnish  to  the  coal  company  all  the  outcrop  ore  contained  in 
what  is  known  as  the  Ida  ore  and  6  feet  of  the  Big  Seam  ore,  in  the 
property  of  the  coal  fcompany,  at  a  certain  stated  price  per  ton,  is 
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too  indefinite  and  uncertain  as  applied  to  the  subject  matter  of  the 
contract  or  area  sought  to  be  designated  to  be  enforceable,  as  the 
word  '^ outcrop"  of  itself  has  no  quality  definitive  of  quantity  or  area 
in  respect  of  the  mineral,  and  used  as  a  noun  it  describes  that  part 
of  a  mineral  strata  that  lies  at  or  near  the  surface  of  the  earth,  and 
used  thus  alone  does  not  define  or  describe  at  what  particular  point, 
or  at  what  line  from  the  outer  edge  of  the  strata  beneath  the  earth's 
surface  at  which  it  can  be  said  the  outcrop  ends;  and  the  provision 
that  the  contractee  should  get  out  all  the  outcrop  ore  designated  as 
ihe  Ida  and  the  Big  Seam  ore  has  no  force  to  render  more  certain, 
as  to  quantity,  the  amount  of  ore  stipulated  for  extraction  and  deliv- 
ery, as  all  outcrop  only  comprehends  the  entire  outcrop,  and  the 
designation  of  the  '^6  feet  of  the  Big  Seam  ore"  and  of  6  feet  of  the 
outcrop  of  the  Big  Seam  ore"  are  alike  ineffectual  to  impart  requisite 
certainty  to  the  contract;  and  the  further  fact  that  the  contractee 
delivered  under  the  contract  and  was  paid  for  many  tons  of  ore  can 
not  avail  to  avert  the  uncertainty  in  the  particulars  named. 

SloflB-8heffield  Steel  &  Iron  Co.  v.  Payne  (Alabama),  64  Southern,  617-619,  Feb- 
ruary, 1914. 

PURCHASE    OF    MINING    PROPERTY — RIGHT    TO    RESCIND    FOR    FRAUD. 

A  mining  corporation  organized  to  purchase  certain  mining  prop- 
erty luider  an  agreement  to  pay  off  certain  liens  and  operate  the 
property  and  pay  the  vendors  certain  royalties  until  a  specified  sum 
was  paid  can  not  rescind  the  contract  on  the  ground  of  fraud  where 
after  knowledge  of  such  fraud  it  retaiued  possession  of  the  property 
and  treated  the  contract  as  valid,  nor  can  it  recover  the  amount  paid 
in  discharge  of  the  liens  where  it  fails  to  comply  with  the  contract 
according  to  its  terms  and  the  contract  is  forfeited  in  an  action  by 
the  vendors  to  recover  the  property. 

Gfvdon-Tigar  Min.  A  Reduction  Co.  v.  Brown  (Colorado),  138  Pacific,  51,  p.  55» 
February,  1914. 

CONTRACT  OF  PURCHASE — LIABILITT   OF  PURCHASER. 

A  Tn'Tiing  corporation  organized  to  purchase  and  purchasing  cer- 
tain mining  properties  under  a  contract  by  which  it  agreed  to  pay  off 
certain  Uens  on  the  mining  property  and  erect  a  mill  on  the  premises 
for  the  treatment  of  ores  and  operate  the  property  without  delay  and 
pay  certain  royalty  on  the  profits  to  the  vendors  until  a  specified  sum 
was  paid;  and  under  the  further  i^eement  that  if  the  property 
could  not  be  worked  profitably  possession  would  be  surrendered  and 
the  deeds,  placed  in  escrow,  returned  and  all  moneys  paid  and  all 
machinery  and  improvements  made  by  the  purchaser  should  be  for- 
feited, is  not  entitled  to  rescind  the  contract  on  the  ground  of  fraud 
and  false  representation3,  where  the  corporation  after  learning  of 
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the  alleged  fraud,  treated  the  contract  as  valid  and  continued  for  21 
months  to  hold  possession  of  the  property,  but  placed  no  improve- 
ments whatever  on  the  property  and  did  not  mine  or  sell  any  ore  or 
operate  any  machinery  for  the  treatment  of  ores,  and  it  can  not  in 
an  action  by  the  vendors  to  recover  the  property  for  failure  to  comply 
with  the  contract  recover  money  paid  in  discharge  of  the  liens  or 
expended  by  it  in  working  the  property,  as  it  waived  the  right  to 
rescind  for  the  fraud,  and  it  was  not  entitled  to  recover  damages  for 
the  allied  fraud  because  of  its  failure  to  comply  with  the  contract 
so  as  to  entitle  it  to  demand  an  absolute  conveyance. 

(jordon-Tigar  Min.  &  Reduction  Co.  v^  Brown  (Colorado),  138  Pacific,  51,  p.  53, 
February,  1914. 

PREVENTING   PERFORMANCE — LIABILITT. 

A  breach  of  a  contract  to  mine  coal,  together  with  damages  re- 
sulting therefrom,  is  sufficiently  shown  by  a  pleading  stating  that 
while  the  plaintiff  was  engaged  in  performing  the  contract  on  his 
part  according  to  its  terms  and  had  on  a  certain  day  furnished  de- 
fendant a  statement  of  the  work  done  under  the  contract,  the  coal 
mined,  and  also  a  statement  of  the  number  of  linear  yards  of  entry 
worked,  and  also  of  break-through  or  lateral  entry  work,  showing 
the  amounts  due  from  the  defendant  to  the  plaintiff  according  to  the 
terms  of  the  contract,  and  that  the  defendant  refused  to  pay  the 
amounts  so  shown  to  be  due  for  work  done  in  driving  such  entries 
and  break-through  or  lateral  entry  work,  or  any  part  thereof,  and 
denied  its  liability  to  pay  the  same  under  the  terms  of  the  contract, 
and  refused  to  carry  out  the  contract  on  its  part,  and  so  conducted 
itself  in  other  ways  as  to  prevent  the  plaintiff  from  carrying  out  the 
contract  on  its  behalf,  whereby  the  plaintiff  has  lost  and  been  de- 
prived of  divers  gains  and  profits  which  might  and  otherwise  would 
have  arisen  and  accrued  to  him  from  the  mining  of  such  coal  from 
the  land  described  under  the  terms  of  the  agreement. 

Bare  v.  Victoria  Coal  &  Coke  Co.  (West  Virginia),  80  Southeastern,  941,  p.  942, 
February,  1914. 

BREACH  OF  CONTRACT  TO  MINE  COAL — ELECTION  OP  REMEDIES. 

Where  a  mine  owner  repudiated  a  contract  with  a  miner  to  mine 
coal  and  refused  longer  to  be  boimd  thereby ,  the  miner  may  (1) 
treat  the  contract  as  rescinded  and  recover  on  a  quantimi  meruit  to 
the  extent  of  performance  on  his  part;  or  (2)  he  may  keep  the  contract 
aUve  for  the  benefit  of  both  parties,  being  at  all  times  himself  ready 
and  able  to  perform,  and  at  the  end  of  the  specified  time  for  perform- 
ance sue  to  recover  for  the  alleged  breach;  or  (3)  he  may  treat  the 
repudiation  as  putting  an  end  to  the  contract  for  all  pmposes  of  per- 
formance and  sue  for  the  profits  he  would  have  realized  if  he  had  not 
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been  prevented  from  performing;  but  the  renunciation  or  repudiation 
on  the  part  of  the  operator  that  will  excuse  performance  and  entitle 
the  injured  party  to  the  remedies  stated  must  be  tmequivocal  and 
absolute  and  must  deal  with  the  entire  performance  to  which  the 
contract  binds  the  other  party,  or  must  relate  to  such  a  material 
part  thereof  as  to  prevent  performance  by  him. 

Bare  v.  Victoria  Coal  &  Coke  Co..  (West  Viiginia),  80  Southeastern,  941,  p.  942, 
Febmaiy,  1914. 

BREACH  OF  CONTRACT  TO  MINE  COAL — MEASURE  OF  DAMAGES. 

In  an  action  for  damages  for  breach  of  a  contract  to  mine  coal, 
where  the  operator  has  wrongfully  terminated  the  contract,  the 
damages  will  not  be  limited  to  the  bare  account  then  due  upon  the 
contract,  but  the  injured  party  may  recover  profits  measured  by  the 
difference  between  what  it  would  have  cost  to  perform  the  contract 
and  the  contract  price. 

Bare  v,  Victoria  Coal  &  Coke  Co.  (West  Viiginia),  Southeastern,  941,  p.  944,  February, 
1914. 

GRUBSTAKE    CONTRACT CONSTRUCTION   AND   LIABILITY. 

A  grubstake  contract  entered  into  in  1898  and  providing  for  a 
division  of  all  the  proceeds  of  the  venture,  and  that  wages  earned 
should  be  treated  as  proceeds  and  providing  that  the  agreement 
should  continue  during  the  entire  time  the  prospecting  party  was 
in  Alaska,  is  a  continuing  one  and  operates  so  long  as  the  prospector 
was  in  Alaska,  and  the  division  of  the  proceeds  provided  for  means 
net  proceeds,  and  there  is  no  liabiUty  on  the  part  of  the  prospector 
where  he  returned  from  Alaska  without  any  money  whatever,  though 
he  had  returned  in  the  meantime  twice  and  each  time  invested  the 
funds  he  then  had  in  mining  machinery  and  appliances  and  both  times 
returned  to  Alaska. 

Troutman  v.  Polhill  (Washington),  140  Pacific,  319,  p.  320,  April,  1914. 

An  action  can  not  be  maintained  on  a  grubstake  contract  whereby 
the  suing  party  advanced  to  the  other  two  the  sum  of  $500  *'  as  part 
grubstake  or  outfit  for  prospecting  and  mining  in  Alaska,"  imder  an 
agreement  that  all  finds  or  locations  made  by  the  two  parties  should 
be  owned  in  equal  parts  by  the  three  and  that  the  two  contracting 
parties  would  pay  to  the  other  one- third  "of  all  proceeds  derived 
from  said  venture,"  and  that  wages  earned  should  be  considered  a 
find  and  divided  equally,  the  agreement  to  continue  during  the  time 
that  such  two  parties  were  in  the  Klondike  country  of  Alaska  or  British 
America,  after  a  delay  of  13  years,  and  where  one  of  the  contracting 
parties  lost  his  life  shortly  after  the  two  had  proceeded  to  Alaska  and 
where  the  remaining  party  subsequently  returned  with  a  considerable 
amount  of  money,  invested  this  in  an  outfit  and  again  returned  to 
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Alaska,  a  second  time  returning  with  a  small  amomit,  invested  this 
in  machinery  and  returned  to  Alaska  and  subsequently  came  back 
penniless,  and  where  the  plaintiff  made  no  attempt  to  excuse  the 
delay  in  asserting  the  claim,  and  no  claim  had  ever  been  made  upon 
the  surviving  partner  prior  to  the  commencement  of  the  action. 

Troutman  v.  Polhill  (Wellington),  140  Pacific,  319,  April,  1914. 

CONVEYANCE  OF  COAL — IMPLIED  COVENANT  TO  OPERATE. 

A  99-year  conveyance  or  lease  of  all  coal  and  mineral  rights,  in 
certain  described  real  estate,  providing  for  the  payment  of  a  specified 
royalty  for  each  ton  of  coal  mined,  but  specifying  no  date  for  com- 
mencing mining  operations  and  containing  no  clause  forfeiting  the 
instrument  for  failure  to  mine  within  a  reasonable  time,  contains 
in  effect  an  implied  covenant  by  the  lessee  to  begin  mining  within 
a  reasonable  time,  and  if  he  fails  to  do  so,  he  will  be  presumed  to 
have  abandoned  his  right,  and  a  court  of  equity  will,  at  the  instance 
of  the  lessor,  cancel  the  lease  as  constituting  a  cloud  on  the  title. 

Chandler  v,  French  (Weet  Virginia),  81  Southeastern,  825,  p.  827,  May,  1914. 

INDEPENDENT  CONTBrACTOBr. 
WHAT   CONSTITUTES. 

An  independent  contractor  as  applied  to  mining  operations  is  one 
who  exercises  an  independent  employment  and  represents  the  mine 
operator  only  as  to  the  results  of  his  work  and  not  as  to  the  means 
whereby  it  is  accomplished,  and  the  Independent  contractor  selects 
his  men,  provides  equipment,  provides  the  mode  or  manner  of  doing 
the  work,  and  the  relation  is  not  qualified  by  a  reservation  which  gives 
the  operator  the  right  to  supervise  the  work  for  the  purpose  of  de- 
termining merely  whether  it  is  being  done  in  accordance  with  the 
contract;  but  the  chief  consideration  is  that  the  mine  operator  has 
no  right  of  control  as  to  the  mode  of  doing  the  work. 

Watson  V.  Hecla  Min.  Co.  (Washington),  140  Pacific,  317,  p.  318,  April,  1914. 
MASTER    AND    SERVANT — EMPLOYEE    OP    INDEPENDENT    CONTRACTOR. 

A  coal-mine  owner  and  operator  occupies  the  position  of  a  master 
to  a  miner  employed  by  an  independent  contractor  where  such  owner 
and  operator  had  the  oversight  and  control  of  the  entry  through 
which  the  employees  of  the  independent  contractor  were  compelled 
to  pass  and  where  it  was  not  the  duty  either  of  the  contractor  or  of 
his  employees  to  make  such  entry  safe  and  where  the  mine  owner 
himself  inspected  the  roof  of  the  entry,  but  had  failed  to  remove  the 
dangerous  part  thereof  which  resulted  in  the  death  of  the  employee. 

Big  Hill  Coal  Co.  v.  Clutts,  208  Fed.,  524,  p.  525,  November,  1913. 
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LIABILITT   FOR   NEGLIGENCE   OF   INDEPENDENT   CONTRACTOR. 

While  a  mine  operator  is  not  liable  for  an  injury  to  a  miner  caused 
by  the  negligence  of  an  independent  contractor,  yet  where  the  con- 
tract relied  upon  to  show  the  relation  does  not  specify  the  character 
of  the  work  other  than  that  it  shall  be  done  in  a  workmanlike  and 
substantial  manner,  and  where  the  evidence  casts  a  doubt  as  to 
whether  the  relation  of  independent  contractor  did  not  exist,  it  then 
becomes  a  question  of  fact  to  be  determined  by  a  jury  in  an  action 
by  BJi  injured  miner  against  the  mine  operator. 

Watson  V.  Hecla  Min.  Co.  (Waahington),  140  Pacific,  317,  p.  319,  April,  1914. 

MINER   PAID   BT  TON. 

A  miner  employed  by  a  mine  operator  and  paid  by  the  ton  for 
mining  coal  is  not  an  independent  contractor  where  the  mine  oper- 
ator retains  control  over  the  manner  and  method  of  work;  but  in 
such  case  he  is  regarded  as  a  servant  whose  compensation  depends 
upon  the  amount  of  coal  mined  and  is  a  miner  entitled  to  the  pro- 
tection of  the  statute. 

Intentate  Coal  Co.  v,  Trivett  (Kentucky),  100  Southwestern,  728,  p.  731,  November, 
1913. 

Interstate  Goal  Go.  v.  Trivett  (Kentucky),  160  Southwestern,  731,  p.  732,  November, 
1913. 

Big  Bninch  Goal  Go.  v.  Sanders  (Kentucky),  166  Southwestern,  813,  p.  814,  May, 
1913. 

Bmployers'  Indemnity  Go.  v.  Kelly  Goal  Go.  (Kentucky),  160  Southwestern,  914, 
p.  91^  November,  1913. 

LIABILTY  OF  OPERATOR  FOR  DEATH  OF  EBfPLOYEE  OF  THIRD  PERSON. 

A  coal  mine  owner  and  operator  is  liable  for  the  death  of  a  miner 
in  the  employ  of  an  independent  contractor  who  had  intended  to 
mine  coal,  but  where  it  was  shown  the  miner  was  killed  in  the  cross 
entry  by  the  fall  from  the  roof  of  a  block  of  slate,  and  where  it  also 
appeared  that  the  operator  exercised  supervision  and  control  over 
such  cross  entry  and  paid  the  wages  of  the  miners,  including  that  of 
the  deceased  miner,  for  the  work  performed  in  preparing  such  cross 
entrv. 

Big  Hill  Coal  Co.  v.  Clutte,  208  Fed.,  524,  p.  525,  November,  1913. 

LIABILITY  OF   INDEPENDENT   RAILROAD   COMPANY. 

A  railroad  company  may  be  liable  on  the  ground  of  negligence  for 
the  death  of  a  miner  in  the  employ  of  a  coal  company  where  the  coal 
company  owned  a  sidetrack  which  the  railroad  company  had  per- 
mission to  use,  and  while  the  miner  was  engaged  in  repairing  a  car  of 
the  coal  company  the  servants  of  the  railroad  company  negligently 
pushed  a  car  against  the  one  beneath  which  the  miner  was  working 
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and  where  the  miner  was  at  the  time  in  the  line  of  his  employment 
for  the  coal  company  and  was  not  working  for  the  railroad  company; 
and  he  can  not  under  the  Pennsylvania  law  of  1868  he  chaigeable 
as  a  fellow-servant  of  the  railroad  employees. 

Magnuflon  v.  Penosylvania  R.  Go.  (Pennsylvania),  89  Atlantic,  462,  p.  463,  Novem- 
ber, 1913. 

OONSTBUCnON  OF  CONTRACT — PAROL  EVIDENCE  TO  SHOW  REI-ATION. 

In  an  action  by  an  injured  miner  against  a  coal-mine  operator  for 
damages,  under  the  defense  that  the  miner  was  working  for  an  inde- 
pendent contractor  operating  imder  a  written  contract  and  agreement, 
the  plaintiff  is  entitled  to  introduce  evidence  showing  the  real  relar- 
tion  of  the  parties,  and  the  rule  which  prohibits  the  introduction  of 
oral  evidence  for  the  purpose  of  contradicting  or  modifying  a  written 
instrument  does  not  apply,  as  the  plaintiff  was  not  a  party  to  the 
agreement  and  would  not  be  bound  by  its  terms;  and  in  such  case 
the  injured  miner  may  show  by  oral  testimony  that  the  relation  of 
master  and  servant  subsisted  between  the  mine  operator  and  the 
alleged  independent  contractor  and  that  the  operator  had  direction 
and  charge  of  the  work  being  done  by  the  alleged  independent  con- 
tractor. 

Watson  V.  Hecla  Min.  Co.  (Washington),  140  Pacific,  317,  p.  318,  April,  1914. 

Note. — The  court  after  broadly  stating  the  rule  proceeds  to  cast  doubt  upon  .the 
rule  by  sayinff :  '  *  If  the  contract  is  certain  and  definite  the  question  whether  a  person 
operating  under  it  is  an  independent  contractor  is  for  the  court;  but  where  the  terms 
of  the  contract  are  doubtful,  or  are  rendered  doubtful  by  the  introduction  of  oral  testi- 
mony the  question  generally  becomes  one  for  the  j  ury . '  *  The  rule  stated  is  further  nul- 
lified by  a  quotation  from  Fehrenbacher  v.  Oaksdale  Copper  Min.  Co.  (65  Wash.,  134; 
117  Pacific,  870),  as  follows:  "Where  tibe  contract  is  certain  the  question  of  whetJier  a 
person  operating  under  it  is  an  independent  contractor  or  a  mere  servant  is  a  queetion 
of  law  for  the  court.  But  where  the  terms  of  the  contract  are  in  doubt  the  relation  of 
the  parties  is  generally  a  question  for  the  jiuy." 

LIABILFTY  TO   EMPLOYEE   OF   INDEPENDENT   CONTRACTOR. 

A  mine  operator  may,  on  the  ground  of  negligence,  be  liable  to  an 
employee  of  a  person  under  contract  with  such  operator  whereby  such 
person  deHvered  coal  into  buggies  and  drove  entries  for  a  stipulated 
price,  paying  such  employee  and  one  or  more  other  men  out  of  the 
contract  price,  the  earnings  of  the  assistants  being  credited  upon  the 
books  of  the  operating  company  and  payment  therefor  being  made  by 
the  operator,  and  where  the  company  furnished  power  and  equipment 
and  the  mine  foreman  had  authority  to  discharge  anyone  employed 
in  the  mine,  as  a  mine  operator  can  not  escape  Lability  for  negligence 
by  such  an  arrangement. 

Big  Branch  Coal  Co.  v.  Sanders  (Kentucky),  166  Southwestern,  813,  p.  814,  May,. 
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MANAGING   COMPANY — INDEPENDENT   CONTBACrrOB. 

A  coal  company  can  not  escape  liability  for  an  injury  to  a  miner 
caused  by  its  alleged  negligence  on  the  ground  that  it  was  not  operat- 
ing a  coal  mine  but  was  merely  a  holding  company  and  that  the  coal 
mine  was  in  fact  operated  by  another  company^  and  that  the  two 
companies  were  separate  and  distinct,  where  the  same  officers  and 
stockholders  constituted  both  companies  and  where  the  evidence 
shows  that  metal  checks  were  given  to  the  employees  in  payment  of 
labor  and  supplies  bearing  the  name  of  the  defendant  company. 

Stearns  Goal  A  Lumber  Co.  v.  Tuggle  (Kentucky),  164  Southwestern,  74,  p.  76, 

March.  1914. 

« 

PABTMSBrSHIP  AOBBBMENT8. 
PABTNEB8HIP  AOBEEMENTS — SETTLEMENT  OF  ACCOUNTS. 

An  action  by  the  administrator  of  a  deceased  miner  against  his 
partner  for  an  accounting  for  moneys  expended  in  the  development 
of  the  claim  will  be  defeated  by  proof  that  the  defendant  repudiated 
the  agreement  at  a  particular  time  and  gave  notice  that  he  would 
not  contribute  longer  to  the  enterprise  and  thereupon  the  partneis 
settled  and  adjusted  the  accounts  to  that  date. 

Goldsmith  v.  Murray  (Montana),  138  Pacific,  187,  December,  1913. 

CONSTBUCTION   AND  BIGHTS. 

Under  an  agreement  between  the  plaintiff  and  defendant  by  which 
the  former  advanced  money  to  the  latter  for  his  expenses  in  pro- 
curing oil  leases  and  options  and  was  to  have  an  equal  interest  in  such 
leases  and  options^  even  though  the  defendant  was  to  give  all  his  time 
to  such  business,  this  did  not  prevent  him  from  joining  in  the  organi- 
zation of  a  corporation  for  the  purpose  of  developing  oil  property, 
where  this  took  no  part  of  his  time  and  did  not  conflict  with  the  part- 
nership business  and  where  it  appeared  that  the  plaintiff  refused  to 
put  any  money  into  any  driUing  propositions  and  a  subsequent 
agreement  by  which  plaintiff  was  no  longer  to  furnish  money,  of 
itself  terminated  the  original  agreement  and  the  plaintiff  could  have 
no  interest  in  the  corporation  subsequently  organized,  even  though 
defendant's  interest  in  the  corporation  would  have  been  partnership 
property  if  acquired  prior  to  the  termination  of  the  partnership  agree- 
ment. 

Ham^nan  v.  Emerson  (135  Louisiana),  66  Southern,  765,  p.  767,  May,  1914. 

SUIT   FOB   AN    ACCOUNTING. 

Mining  partners  in  a  suit  for  an  accounting  should  each  be  charged 
and  credited  with  the  sums  received  and  paid  out  according  to  their 
respective  interests,  and  one  partner  is  entitled  to  a  credit  and  the 
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other  should  be  charged  with  one-half  of  a  sum  paid  by  one  partner 
for  an  interest  owned  by  the  partners  equally. 

Kleeeattel  v.  Orr  (WaabingtQii),  141  Pacific,  355,  June,  1914. 

lOfiTHODS  OF  OPBRATnrO. 
EXPERT  EYIDI^NCE. 

While  the  rule  is  that  where  all  the  circumstances  can  be  fuUv 
and  adequately  described  to  the  jury,  and  are  such  that  their  effect 
can  be  understood  by  all  men,  without  special  knowledge  or  training, 
then  the  opinion  of  witnesses,  expert  or  otherwise,  is  not  admissible; 
but  where  the  roof  of  a  tunnel  in  a  mine  had  been  cracked  from  the 
effect  of  a  shot  fired  by  the  miner,  and  where  an  inexperienced  miner 
was  unable  to  pry  down  the  loosened  parts  with  a  bar,  and  where  he 
was  subsequently  injured  by  the  fall  of  this  loosened  material,  expert 
miners  may  give  their  opinion  as  to  whether  experience  and  knowledge 
of  the  sounding  test  were  necessary  to  determine  whether  the  roof  of 
the  tunnel  in  such  condition  was  liable  to  fall,  and  the  evidence  is 
admissible  on  the  theory  that  all  men  are  not  familiar  with  the 
operation  of  coal  mines  or  with  the  various  conditions  that  might  or 
might  not  indicate  danger,  and  are  not  as  capable  as  experienced 
miners  in  determining  whether  a  situation  described  to  them  would 
or  would  not  obviously  indicate  a  danger. 

Carney  Coal  Co.  v.  Benedict  (Wyoming),  140  Pacific,  1013,  p.  1018,  May,  1914. 

JUDICIAL  NOTICE. 

While  neither  a  court  nor  jury  can  properly  take  judicial  notice 
of  how  a  coal  mine  should  be  operated,  or  what  is  practicable  and  good 
usage  among  prudent  operators,  yet  where  the  negligence  of  an  opera- 
tor is  shown  to  be  gross,  resulting  in  the  death  of  a  miner,  neither 
courts  nor  juries  may  properly  shut  their  eyes,  forswear  their 
judgment,  and  await  the  coming  in  of  expert  testimony  concerning 
some  physical  fact  or  omission  of  duty  patent  to  everyone. 

National  Fuel  Co.  v.  Maccia  (Colorado),  139  Pacific,  22,  p.  26,  March,  1914. 

PBrBVENTIKO  OPEBrATIONO— INJT7NOTIOK. 

TRADE   UNIONS — RIGHT  OF  EMPLOYEES  TO   STRIKE. 

An  employee,  or  any  number  of  employees,  in  the  absence  of  a  con- 
tract to  work  a  definite  time,  has  a  right  to  quit  the  service  of  the 
employer  without  any  reason  or  for  any  reason  he  may  regard  satis- 
factory to  himself;  and  employees  of  a  coal  company  have  a  right  to 
protest  to  the  employer  against  the  employment  or  retention  of  a 
nonunion  employee  and  to  make  the  discharge  of  such  nonunion 
employee  a  condition  to  their  continuation  in  his  employment,  and 
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that  unless  such  nonunion  employee  is  discharged  the  union  employees 
will  strike,  or  the  equivalent,  will  simultaneously  cease  to  work;  and 
if  under  such  circumstances  the  nonunion  employee  is  discharged  by 
the  common  employer  he  has  no  cause  of  action  against  either  the 
union  as  an  organization  or  the  members  thereof  as  individuals. 

Roddy  V.  United  Mine  Workers  of  America  (Oklahoma),  139  Pacific,  126,  p.  127, 
January,  1914. 

ENJOINING   STBIKERS — PLEADING. 

A  bill  for  an  injunction  filed  by  a  mining  corporation  against 
the  Western  Federation  of  Miners  is  sufHcient  for  the  purpose  where, 
after  formal  declaration,  it  avers  that  the  general  strike  was  called 
and  inaugurated  by  the  defendant  in  the  copper  mining  district  of 
Lake  Superior  on  a  certain  day;  that  4,000  miners  in  the  complain- 
ant's employ  not  allied  with  the  defendant  refused  to  participate  in 
the  strike  and  endeavored  to  continue  work;  that  the  defendant  by 
threats  and  violence  interfered  with  and  drove  them  from  their 
work,  stopped  the  pumps  at  the 'mine,  causing  the  latter  to  partly 
fill  with  water,  thus  forcii^  a  suspension  of  work;  that  a  condition 
of  violence  and  lawlessness  developed  in  the  district  where  the  strike 
prevailed  beyond  the  power  of  the  civil  authorities  to  control;  that 
from  the  day  of  the  inception  of  the  strike  the  members  of  the  federa^ 
tion  did  unlawfully  combine  and  conspire  together  with  the  unlaw- 
ful purpose  and  by  illegal  and  unlawful  means  to  prevent  the  employ- 
ees of  the  mining  company  from  working  at  the  mines,  and  to  force 
the  cessation  of  all  operations,  and  that  such  members  have  assaulted 
and  beaten  many  of  the  employees  of  the  mining  company  and  con- 
tinued daily  to  make  such  assaults  and  beatings  and  threats  of  deadly 
harm,  and  do,  systematically,  by  threats,  intimidations,  force,  vio- 
lence, assaults,  picketing,  threatening  parades,  riotous  and  threat- 
ening gatherings  in  large  numbers,  and  by  other  unlawful  means, 
interfere  with  and  molest  and  disturb,  withoi^b  authority  of  lltw,  the 
miners  employed  by  the  minii^  company. 

Baltic  Min.  Co.  v.  Houghton  (Michigan),  144  Northwestern,  209,  December,  1913. 

MINING  LEASES. 

USASB8  OBNERAI«LY-~CON8TBr17CTION. 
COVENANTS   CONSTRUED   IN   FAVOR  OF  LESSEE. 

In  oil  and  gas  leases  the  compensation  of  the  lessor  is  generally  a 
royalty;  and  the  covenants  to  be  performed  by  the  lessee  which  relate 
to  the  right  to  drill  or  explore  for  oil  or  gas  are  generally  construed 
most  strongly  in  favor  of  the  lessor;  but  this  rule  has  its  limitations, 
aild  when  a  lessee  has  faithfully  performed  all  his  covenants  and  has 
discovered  oil  in  payii^  quantities  and  the  lessor  is  receiving  the 
royalty  as  the  lease  contemplates,  the  lessor  can  not  then  invoke 
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this  rule  to  aid  him  in  dispossessing  the  lessee,  and  the  lessee  having 
performed  his  covenants  he  thereby  obtained  a  vested  interest  in  the 
oil  and  gas  in  the  leased  premises  because  of  his  exclusive  right  to 
<hilly  and  the  lessee  holds  such  interest  as  security  against  the  lessor. 

Buigan  V.  South  Penn  Oil  Co.  (Pennsylvania),  89  Atlantic,  823,  p.  825,  Jantiaiy, 
1914.  # 

NATURE   AND  CONSTRUCTION — CONSIDBRATION  AND   RIGHTS  OF 

PARTIES. 

The  holder  of  a  State  mining  lease  conveyed  to  another  a  one-fifth 
interest,  the  grantee  at  the  time  signing  and  delivering  to  the  grantor 
a  writing  to  the  effect  that  under  certain  conditions  the  grantor 
would  take  back  one-half  of  the  interest  conveyed  within  six  months 
of  the  date  of  the  sale,  at  the  option  of  the  purchaser,  and  such  agree- 
ment is  binding  as  an  option  agreement  and  is  based  on  a  sufficient 
oonsideration  and  the  seller  is  bound  by  such  contract  though  he  did 
not  in  fact  sign  it,  and  the  contract  is  capable  of  specific  enforcement. 

Gregory  Co.  v.  Shapiro  (Minnesota),  145  Northwestern,  791,  p.  793,  February,  1914. 
LICENSE   TO  MINE — KNOWLEDGE    OF  CONDmON — PORFErTORE. 

A  license  to  mine  for  a  specified  time  can  not  be  forfeited  for  the 
failure  to  pay  a  royalty  amounting  to  no  more  than  $4.30;  nor  can 
such  a  Ucense  be  forfeited  because  the  licensee  made  a  verbal  agree- 
ment with  two  persons  by  which  they  were  to  carry  on  mining  opera^ 
tions  ''six  months  at  a  time''  for  a  percentage  of  the  ore  mined,  where 
the  transaction  was  not  a  sale  or  assignment  of  the  mining  Ucense, 
or  any  interest  in  the  same,  but  the  Ucensee  was  still  the  sole  owner 
of  the  mining  Ucense  and  did  not  lose  control  of  the  mining  opera- 
tions; nor  can  the  Ucensor  forfeit  the  Ucense  for  the  failure  of  the 
Ucensee  to  do  continuous  mining,  where  it  appeared  that  no  work 
was  done  during  the  latter  part  of  October  and  during  the  month  of 
November,  and  where  the  licensor  was  aware  of  the  fact  and  made 
no  complaint  at  the  time. 

Gates  V.  Steckel  (Miflsouri),  161  Southwestern,  1185,  p.  1186,  January,  1914. 
LICENSE   TO   MINE — RIGHTS  OF  LICENSEE — ^REVOCATION. 

While  a  mere  Ucensee  acquires  no  estate  or  interest  in  the  land, 
mines,  or  minerals,  and  had  no  possession  sufficient  to  enable  bini  to 
maintain  a  possessory  action,  yet  the  right  to  mine  can  not  be  revoked 
a,t  will  and  he  can  not  be  arbitrarily  deprived  of  this  right  imder  his 
license  in  the  absence  of  some  substantial  violation  of  the  terms  and 
•conditions  imposed  by  the  mining  lease. 

Elates  V.  steckel  (Miaaouri),  161  Southwestern,  1185,  p.  1186,  January,  1914. 
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STATE  LEASE — ASSIGNMENT. 

The  statute  of  Miimesota  (R.  L.  1905,  sec.  2493)  provides  that  an 
assignment  of  mining  leases  shall  be  signed  by  both  parties,  executed 
in  the  presence  of  two  witnesses,  duly  acknowledged,  with  the  ap- 
proval of  the  auditor  thereon;  but  this  law  is  not  a  statute  of  frauds 
and  was  not  intended  to  make  invahd  contracts  relative  to  the 
property  evidenced  by  a  State  mining  lease  when  executed  and  con- 
formable to  the  requirements  of  contracts  relative  to  real  property, 
and  an  agreement  to  repurchase  within  a  specified  time  a  certain' 
interest  in  a  mining  lease,  though  not  in  writing,  may  be  enforced. 

Gregory  Go.  v,  Shapiro,  146  Northwestern,  791,  p.  794,  February,  1914. 

COAL  liBASES. 
CONSTRUCTION — ASSIGNMENT. 

A  coal  lease  or  contract  providing  that  ''the  words  'trustee  and 
lessee'  as  imderstood  herein  shall  be  construed  to  mean  successors, 
heirs,  executors,  and  assigns''  evinces  an  intention  on  the  part  of  the 
parties  to  the  contract  to  make  the  contract  or  lease  transferable 
by  assignment,  and  there  is  nothing  to  indicate  that  the  term ' '  assigns ' ' 
should  have  reference  alone  to  the  assignee  of  the  lessee. 

Young  Coal  Co.  v.  HiU  (Arkansas),  165  Southwestern,  292,  p.  293,  March,  1914. 

LEASE   OF   COAL   WITH   BIGHT  TO  MINE — CONSTRUCTION   AND 

EFFECT. 

A  lease  of  all  the  coal  underlying  a  tract  of  land  with  the  right  to 
mine  and  remove  the  same  at  a  given  price  per  ton  as  royalty  is 
equivalent  to  a  sale  of  the  coal  in  place. 

Trustees,  etc.,  Kingston  v.  Lehigh  VaUey  Coal  Co.  (Pennsylvania),  88  Atlantic, 
768,  p.  769,  June,  1913. 

FAILUBE  TO  PAY  ROYALTIES — ^DAMAOES. 

A  coal-mining  lease  providing  that  the  lessor  was  to  receive  a 
certain  stipulated  royalty  per  ton  for  all  coal  mined  and  requiring 
the  lessee  to  keep  an  accurate  account  of  the  coal  mined  and  to  develop 
the  coal  on  the  premises  leased;  and  expressly  providing  that  the 
failure  of  the  lessee  to  pay  the  royalties  stipulated  should  operate 
as  a  forfeiture  of  the  lessee's  rights,  may  be  forfeited  by  the  lessor 
and  the  lessee's  rights  terminated  on  failure  of  the  lessee  to  pay  the 
royalties  according  to  the  terms  of  the  lease;  and  the  lessor  is  entitled 
to  recover  damages  for  failiire  to  prosecute  the  mining  operations 
with  diligence,  and  such  damages  are  recoverable  as  incidental  to 
the  accounting  for  the  unpaid  royalties. 

PoUak  V.  Stouts  Mountain  Coal  &  Coke  Co.  (Alabama),  63  Southern,  631,  p.  532, 
November,  1913. 
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ASSIGNMENT — ^SUBLETTING — LIABILITY  OF  ASSIGNEE. 

ft 

A  lessee  parting  with  his  interest  in  the  whole  of  the  leasehold 
estate  for  the  balance  of  his  term,  or  with  his  interest  in  the  part  of 
the  demised  pretnises  for  the  entire  term,  is  in  effect  an  assignment  of 
lease,  and  the  assignee  becomes  an  assignee  of  the  term  with  the  rights 
and  liabilities  incident  to  such  a  position,  and  it  is  immaterial  by 
what  kind  of  an  instrument  or  conveyance  the  term  is  so  disposed 
of,  if  the  lessee  parts  with  his  entire  int«:«et  in  the  whole  or  part  of 
the  premises  and  the  assignee  of  a  coal  lease  becomes  liable  for  the 
royalty  on  the  coal  mined  to  the  original  lessor,  and  does  not  oecupy 
the  position  of  a  mere  sublessee. 

Pennsylvania  Min.  Co.  v,  Bailey  (Arkansas),  161  Southwestern,  200,  November, 
1913. 

ADJUDICATION   OP  TITLE — EFFECT. 

An  adjudication  of  title  in  an  action  for  injunction  to  prevent  a 
lessee  of  coal  lands  from  wrongfully  mining  coal,  and  a  determination 
by  a  court  that  the  lease  under  which  the  mining  was  prosecuted  was 
a  lease  of  the  surface  only  and  that  the  coal  in  place  belonged  to  the 
reversioner,  is  not  res  adjudicata  in  a  subsequent  action  by  the 
reversioner  against  the  lessee  for  damages  for  the  wrongful  mining 
of  coal  prior  to  the  judgment  enjoining  further  operations. 

Trustees,  etc.,  Kingston  v.  Lehigh  Valley  Coal  Co.  (Pennsylvania),  88  Atlantic, 
763,  p.  767,  June,  1913. 

LIABILITY  OF  SURETY  OF  LESSEE. 

The  fact  that  a  lessor  of  a  mining  lease  simply  forebore  to  sue  the 
lessee  from  time  to  time  on  his  past  due  indebtedness  for  royalties, 
where  such  forbearance  was  without  any  consideration,  does  not 
release  a  surety  of  the  lessee  from  his  obligation  to  make  good  the 
violation  of  the  lease  on  the  part  of  the  lessee;  nor  is  the  lessor,  on 
the  failure  of  the  lessee  to  pay  the  royalties  according  to  the  lease, 
boimd  to  declare  the  lease  forfeited,  as  the  forfeiture  was  at  the  option 
of  the  lessor,  and  the  failure  of  the  lessor  tfo  declare  a  forfeiture  and 
to  bring  suit  for  royalties  that  had  accrued  and  that  were  permitted 
to  remain  due  more  than  a  year  was  but  forbearance  for  past  due 
indebtedness  without  consideration,  and  did  not  release  the  surety. 

Young  Coal  Co.  v.  Hill  (Arkansas),  165  Southwestern,  292,  p.  293,  March,  1914. 
LIABILITY   FOE   COAL  USED   IN   OPERATIONS. 

Under  a  custom  prevailing  in  the  anthracite  coal  region  of  PennByl- 
vania  coal  used  by  a  lessee  in  the  operation  of  the  mine  is  not  subject 
to  royalties. 

Trustees,  etc.,  Kingston  v.  Lehigh  VaUey  Goal  Co.  (Pennsylvania),  88  Atlantic^ 
768,  p.  769,  June,  1913. 
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MINERALS  REMOYED  UNBEB  SUPPOSEDLY  YALIlf  LEASE. 

Where  coal  was  miBed  by  the  assignee  of  a  999-year  lease  under  the 
belief  that  the  lessee  and  his  assignees  were  the  owners  of  the  coal, 
but  it  had  been  judiciaUy  determined  that  the  lease  conveyed  the 
surface  of  the  land  only,  the  reversioner  in  an  action  for  damages 
for  the  wrongful  mining  of  the  coal  can  not  invoke  the  rule  of  treble 
damages  under  the  Pennsylvania  act  of  1876,  as  the  act  does  not 
apply  to  such  cases,  but  the  reversioner  is  limited  to  an  action  for 
ordinary  damages  as  for  an  innocent  trespass. 

Trustees,  etc.,  KingBton  v.  Lehigh  Valley  Coal  Co.  (Pennsylvania),  88  Atlantic^ 
768,  p.  770,  June,  1913. 

ACTION    FOB    COAL    WRONGFULLY    MINED — STATUTE    OF    LIMITATIONS. 

A  reversioner  imder  a  999^year  lease  may  sue  to  protect  the  estate 
and  may  sue  and  recover  for  the  unlawful  mining  and  conversion  of 
coal  by  the  t^Eiant  or  his  assignee,  but  such  an  action  is  barred  by 
the  statute  of  limitations  after  six  years,  and  the  statute  of  limitations 
begins  to  run  against  the  reversioner's  right  from  the  time  he  discov- 
ered, or  by  due  diligence  should  have  discovered  the  wrongful  mining 
of  the  coal. 

Trustees,  etc.,  Kingston  v.  Lehigh  Valley  Goal  Co.  (Pennsylvania),  88  AtlantiCf 
763,  p.  765,  June,  1913. 

REFORMATION  DENIED. 

A  lessor  is  not  entitled  to  the  reformation  of  a  lease  granted  by 
him  for  the  operation  of  a  coal  mine  providing  for  a  stipulated  royalty 
on  coal  mined  where  the  lessee  subsequently  assigned  the  lease  to  a 
corporation  organized  for  the  purpose  of  operating  the  mine,  on 
the  groimd  of  mutual  mistake  in  that  he  had  a  separate  agreement 
with  the  lessee  that  in  the  event  the  lease  was  assigned  to  a  third 
person  an  increased  royalty  should  be  paid,  where  it  appeared  that 
the  corporation  at  the  time  of  its  organization  and  at  the  time  of  the 
assignment  of  the  lease  had  no  notice  of  such  independent  agree- 
ment. 

Rockport  Coal  Co.  v.  Carter  (Kentucky),  163  Southwestern,  734,  p.  736,  February, 
1914. 

OIL  AND  OAS  LBASE8. 

Construction — ^Rights  and  Liabilities  Generally. 
Development  Implied, 
fobfeiture  and  cancellation. 

construction — RIGHTS  AND  LIABILITIES   GENERALLY. 

DUTIES  AND  LIABIUTIBS  IMPOSED. 

Where  the  object  of  the  operations  coDtempiated  by  parties  to 
an  oil  and  gas  lease  is  to  obtain  a  benefit  or  profit  for  both  lessor 
and  lessee,  neither  is,  in  the  absence  of  stipulations  to  that  effect, 
the  arbiter  of  the  extent  to  which  or  the  diligence  with  which  the 
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operation  shall  proceed;  but  both  are  bound  by  the  standard  by  what 
in  the  circumstances  would  be  reasonably  expected  of  operators  of 
ordinary  prudence,  and  the  development  and  protection  of  lines 
which  ^  implied  when  the  lease  is  silent  is  such  as  is  usually  found 
in  the  same  business  of  an  ordinarily  prudent  man,  neither  the  highest 
nor  the  lowest,  but  about  the  average ;  and  where  under  such  a  lease 
at  the  completion  of  the  first  well  the  lessor  and  lessee  by  agreement 
changed  the  terms  of  the  lease,  the  effect  of  which  was  a  waiver  by 
the  lessor  of  the  implied  condition  for  further  development  on  other 
portions  of  his  land,  and  therefore  a  limitation  upon  the  production 
on  the  whole  tract,  the  lessee  must,  notwithstanding  the  amended 
agreement,  if  conditions  subsequently  arise  which  require  the  lands 
to  be  protected,  use  reasonable  diligence  m  this  behalf  and  sink  as 
many  wells  as  the  exercise  of  due  diligence  should  suggest  to  an 
ordinarily  prudent  person  engaged  in  the  same  undertaking  under 
the  same  circumstances;  and  on  his  fraudulent  refusal  to  develop 
and  protect  the  premises  the  lessor  may  resort  to  equitable  relief, 
and  in  such  case  he  does  not  have  an  adequate  remedy  at  law. 

Jennings  v.  Southern  Carbon  Co.  (West  Virginia),  80  Southeastern,  368,  p.  370, 
November,  1913. 

RIGHTS  AND  LIABIUTIES. 

An  oil  lease  imposing  on  the  lessee,  under  certain  conditions,  the 
duty  to  drill  a  certain  number  of  wells,  may  be  canceled  by  the  lessor 
for  failure  to  drill  as  provided  for  by  the  lease;  but  the  potestative 
condition  can  not  be  invoked  as  to  that  part  of  the  lease  and  of  the 
leased  premises  where  the  lessee  had  drilled  a  number  of  wells,  but 
not  the  number  required.  % 

Caddo  Oil  &  Min.  Co.  v.  Producers'  Oil  Co.  (134  Louisiana),  64  Southern,  684, 
p.  686,  March,  1914. 

A  lease  of  land  for  oil  and  gas  purposes  in  the  usual  form,  providing 
for  payment  of  royalties  and  the  drilling  of  one  well  within  a  stated 
time,  and  providing  also  that  if  the  lessee  felt  justified  in  drilling 
more  than  one  well  then  the  parties  were  to  sliare  equally  in  all  ex- 
penses of  such  additional  drilling,  and  providing  also  that  if  opera- 
tions for  oil  or  gas  ceased  for  a  period  of  60  days  the  lease  should 
become  null  and  void,  may  be  forfeited  in  an  action  by  the  lessor  for 
that  purpose  in  case  operations  have  ceased  for  more  than  the  60-day 
period,  and  the  lessor  is  not  bound  to  tender  the  lessee  any  sum  or 
one-half  of  the  cost  of  the  drilling  of  a  subsequent  well,  as  the  drilling 
of  any  additional  weUs  depends  upon  the  lessee's  feeling  justified  in 
so  doing,  and  as  the  cost  of  such  drilling  is  indefinite  the  lessor's 
liability  would  arise  only  when  the  lessee  proceeded  to  drill  the  second 
well. 

Ditman  v.  Keller  (Indiana)^  104  Northeastern,  40,  p.  41,  February,  1914. 
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A  lease  of  land  for  a  period  of  five  years  and  as  much  longer  as  the 
premises  should  be  operated  for  oil  and  gas,  for  the  purpose  of  operat- 
ing for  oil  and  gas  and  mineral,  and  of  laying  pipe  lines,  building 
tanks  and  stations,  the  lessor  to  receive  one-half  of  the  profits  from 
all  wells,  is  not  ambiguous  and  will  be  interpreted  and  enforced 
according  to  the  plain  meaning  of  its  provisions  where  nothing  is 
shown  that  changes  the  rights  of  the  parties  as  therein  expressed. 

Ditman  v.  Keller  (Indiana  Appeals),  104  Northeastern,  40,  February,  1914. 

The  rule  that  oil  and  gas  leases  are  construed  most  strongly  against 
the  lessee  and  in  favor  of  the  lessor  does  not  apply  in  an  action 
sounding  in  damages  on  the  ground  of  an  alleged  trespass  by  the 
lessee  after  the  expiration  of  the  lease. 

Cooke  V.  Gulf  Befining  Go.  (135  Louisiana),  65  Southern,  758,  p.  700,  May,  1914. 

NATURE  AND  E8TATB. 

An  oil  and  gas  lease  in  the  usual  form  providing  that  the  lessee 
should  hold  the  premises  for  the  teim  of  five  years  and  as  much 
longer  as  gas  and  oil  is  found  in  paying  quantities  on  the  premises, 
conveys  to  the  lessee  a  freehold  estate,  for  the  reason  that  it  may 
continue  indefinitely. 

Daughetee  v.  Ohio  Oil  Co.  (Illinois),  105  Northeastern,  308,  p.  310,  June,  1914. 

WANT  OF  HUTUALrrY  AND  CONSIDERATION. 

A  lease  of  land  for  oil  and  gas  for  a  period  of  40  years  imposing  no 
duty  upon  the  lessee  except  to  pay  a  nominal  royalty  on  oil  and  gas 
produced;  and  not  requiring  the  lessee  to  expend  any  money  in  pros- 
pecting or  developing  oil  or  gas  lands,  lacks  both  consideration  and 
mutuality  and  the  lessor  may  withdraw  therefrom  at  any  time  before 
performance  by  the  lessee,  as  such  instrument  is  but  a  lease  option. 

Davis  V,  Riddle  (Colorado),  136  Pacific,  551,  p.  552,  November,  1913. 

MUTUALITY  AND  VALlDriT. 

A  condition  in  an  oil  and  gas  lease  in  the  usual  form  granting  to 
the  lessee  the  right  to  operate  the  premises  for  oil  and  gas,  the  lessee 
reserving  the  right  to  abandon  the  premises  whenever  it  desires  to 
cease  operation  and  to  remove  the  property  placed  thereon  by  it,  at 
discretion,  is  clearly  potestative  and  makes  the  execution  of  the  lease 
depend  upon  the  will  of  the  lessee,  thereby  destroying  the  obligation 
wlidch  the  lessee  had  assumed  and  which  was  the  legal  tie  that  gave 
the  lessor  the  right  to  enforce  the  lease,  and  as  the  money  considera- 
tion was  merely  nominal  it  follows  that  there  being  no  obligation 
resting  on  the  lessee,  and  therefore  no  consideration  moving  to  the 
lessor,  there  was  no  contract;  but  if  the  lessee  has  actually  complied 
with  and  discharged  the  obligation  which,  but  for  the  potestative 
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condition,  would  have  been  imposed  upon  him,  and  the  lessor  ac- 
cepted and  profited  by  the  advantage  resulting  therefrom,  the  lessor 
can  not  while  retaining  such  advantage,  or  in  ease  of  his  inability  to 
reinstate  the  status  quo,  be  permitted  to  repudiate  the  obligations 
thereby  assumed  and  have  the  lease  canceled  and  set  aside. 

Caddo  Oil  A  Min.  Co.  v.  Producere'  Oil  Co.  134  (Louisiana),  64  Southern,  684,  p.  687, 
March,  1W4. 

PLEADING  PERFORMANCE   OF  CONDITIONS. 

A  lease  of  land  for  the  purpose  of  operating  thereon  for  oil  and  gas 
and  in  consideration  of  which  the  lessee  agrees  to  pay  the  lessors  the 
one-fifth  part  of  all  the  oil  produced  and  saved  therefrom,  and  further 
agrees  to  pay  $150  a  year  for  each  well  secured  on  the  premises,  when 
utilized  off  of  the  premises,  and  the  lessees  were  to  commence  a  well 
within  10  days  from  the  day  of  the  lease,  is  sufficiently  complied 
with  where  the  lessee  began  the  drilling  of  a  well  for  oil  within  the 
stated  time  and  prosecuted  the  drilling  diligently  for  more  than  three 
months,  reaching  a  depth  of  1,950  feet,  drilling  through  the  oil- 
producing  sand  in  the  particular  district  and  at  the  expense  of  $7,000^ 
but  without  discovering  oil  or  gas;  and,  subsequently  and  while  still 
in  possession  of  the  leased  premises  the  lessees,  for  the  pinrpose  of 
further  developing  the  premises  for  oil  and  gas,  procured  the  right  to 
and  did  proceed  to  drill  on  adjoining  premises  and  within  300  feet 
of  the  line  of  the  leased  premises,  a  well  producmg  oil  in  large  quanti- 
ties, and  the  lessor  could  not  while  the  lessees  were  so  in  possession 
and  so  developing  the  leased  premises  execute  a  new  and  valid  lease 
of  the  same  premises  to  a  third  person  having  notice  and  knowledge 
of  the  original  lease,  and  in  an  action  by  the  lessees  of  such  first  lease 
to  have  declared  void  and  have  canceled  such  second  lease  it  is  suffi- 
cient as  a  matter  of  pleading  to  all^e  generally  the  performance  of 
all  the  conditions  to  be  by  them  performed  according  to  the  terms  of 
the  lease. 

CahiU  V.  Pine  Creek  Oil  Co.  (Oklahoma),  136  Pacific,  1100,  November,  1913. 

NATURE   OP  TITLE — VESTED  RIGHTS. 

Under  a  lease  granting  a  right  to  operate  for  oil  and  gas  the  title 
is  inchoate  and  granted  for  purposes  of  exploration  only  until  oil  or 
gas  is  found,  and  if  not  foimd  no  estate  vests  in  the  lessee,  and  his 
title,  such  as  it  is,  ends  when  the  unsuccessful  search  is  abandoned; 
but  if  oil  or  gas  is  found,  then  the  right  to  produce  becomes  a  vested 
right  and  the  lessee  will  be  protected  in  exercismg  it  in  accordance 
with  the  terms  and  conditions  of  his  contract. 

Burgan  v.  South  Penn  Oil  Co.  (Pennsylvania),  89  Atlantic,  823,  p.  826,  January, 
1914. 
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YBSTSD  RIGHTS — ABANDONMENT. 


A  landowner  leased  three  several  tracts  of  land  and  granted  the 
exclusive  right  to  produce  oil  and  gas  from  each  as  long  as  these 
could  be  produced,  with  a  covenant  on  the  part  of  each  lessee  to 
conunence  drilling  within  30  days  and  diligently  prosecute  the  same 
to  completion,  and  to  commence  a  second  well  within  60  days  and 
prosecute  the  same  in  like  manner,  and  to  commence  drilling  a  third 
well  within  60  days  from  the  completion  of  the  second,  and  on  failure 
to  commence  the  second  well  within  the  specified  time  the  lessee 
should  forfeit  all  the  land  except  8  acres  around  the  first  well,  and  on 
failure  to  commence  the  third  well  within  the  specified  time  he  should 
forfeit  all  the  land  except  17  acres  around  the  fiist  and  second  wells, 
and  there  can  be  no  forfeiture  where  the  original  lessee  completed 
three  wells  in  the  time  specified,  and  on  the  perfonnaoAe  of  the 
covenant  in  this  manner  each  lease  becomes  valid  and  binding  as  to 
the  entire  tract  therein  described  and  the  lessee  is  entitled  to  hold 
the  entire  tract  and  continue  sinking  other  wells  thereon  so  long  as 
either  oil  or  gas  is  produced,  and  the  abandonment  of  any  one  of  the 
three  weUs  after  it  ceased  to  be  profitable  was  not  an  abandonment 
by  the  lessee  of  his  vested  right  to  take  the  oil  in  and  under  the  tract 
out  through  other  wells. 

Buigan  V.  South  Penn  Oil  Co.  (Pennsylvania),  89  Atlantic,  823,  p.  826,  January, 
1914. 

VBSTED  RIGHTS  OF  LS8SBB8. 

An  owner  of  land  having  leased  the  same  for  development  for  oil 
and  gas  on  certain  stated  terms  and  conditions,  can  not,  while  the 
leasee  is  in  possession  of  the  lease  premises  performing  the  conditions 
of  the  lease  and  diligently  engaged  in  developing  the  land  as  the  lease 
contemplated,  make  a  valid  lease  of  the  premises  to  a  third  person 
with  notice  of  the  original  lease  and  with  knowledge  of  the  develop- 
ment of  the  same  by  the  lessees. 

Oahill  V.  Pine  Creek  Oil  Co.  (Oklahoma),  136  Pacific  1100,  November,  1913. 

INTEREST  AND  RIGHTS  GRANTED  BY  LEASE. 

Under  an  oil  and  gas  lease  providing  that  if  oil,  gas,  coal,  water, 
and  other  nodnerals  be  found  in  paying  quantities,  but,  none  the  less, 
if  the  grantee  discontinues  the  work  or  fails  to  develop  the  oil  wells, 
he  is  to  be  held  to  have  abandoned  all  the  lands  leased,  except  10 
acres  in  a  square  to  be  held  by  the  grantee  for  25  years ;  and  further 
in  the  event  oil,  gas,  water,  or  other  minerals  are  produced  in  paying 
quantities,  the  lessee  can  not  claim  the  10  acres  in  a  square  in  the 
absence  of  proof  that  he  has  discovered  oil,  gas,  coal,  or  other  min- 
erals in  paying  quantities,  as  this  right  is  dependent  upon  the  con- 
dition that  the  enumerated  substances  shall  be  found  in  paying 
quantities. 

Brown  v.  Producers*  Oil  Co.  (134  Louisiana),  64  Southern,  674,  p.  676,  March,  1914. 
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LEASE  OF  OIL  LANDS. 


A  lease  or  agreement  reciting  that  for  and  in  consideration  of  a 
nominal  stun  and  other  considerations  of  mutual  covenants  and  other 
agreements  set  out,  the  lessor  did  thereby  lease  to  the  lessee  certain 
described  lands,  and  grant  to  the  lessee  the  exclusive  right  to  sink 
shafts,  to  drill  wells,  and  to  extract  any  and  all  kinds  of  minerals, 
especially  petroleum  from  the  land,  the  lease  to  extend  for  a  term  of 
20  years  unless  sooner  forfeited,  and  the  lessee  in  consideration 
thereof  agreed  to  incorporate  a  company  for  the  operation  and  de- 
velopment of  the  leased  property  before  commencement  of  active 
operations  on  the  property  and  to  commence  active  work  of  boring 
for  oil  not  later  than  a  certain  specified  date,  and  to  prosecute  such 
labors  diligently,  is  a  lease  of  the  land  itself  and  is  not  an  ordinary 
oil  and  gas  lease  by  which  the  lessor  remains  in  possession  and  con- 
trol of  the  land,  giving  the  mere  right  of  entry  to  the  lessee  to  b^in 
the  prosecution  of  search  for  oil;  and  the  discovery  of  oil  was  not  a 
prerequisite  to  the  existence  of  a  cause  of  action  on  the  part  of  the 
lessee  or  its  assigns  for  the  failure  of  the  lessor  to  place  the  lessee  in 
possession  of  the  property. 

Kline  v.  Guaranty  Oil  Co.  (California),  140  Pacific,  1,  p.  3,  April,  1914. 


METHOD  OF   MEASURING  OAS. 


An  oil  and  gas  lease  provided  that  for  any  gas  well  producing  gas 
of  marketable  quantities  a  semiannual  sum  was  to  be  paid  as  rental, 
to  be  ascertained  by  gauging  such  well  every  six  months  in  the  casing 
in  which  it  was  completed,  and  if  the  well  showed  for  the  first  minute 
of  the  gauging  a  pressure  of  200  pounds  or  more  the  rental  for  the 
ensuing  six  months  was  to  be  $250,  and  for  less  amounts  of  pressure 
smaller  sums  of  rental  in  proportion  were  to  be  paid;  and  the  method 
of  measurement  and  computation  and  the  right  to  recover  is  not 
lost  from  the  fact  that  the  company  operating  the  gas  well  inserted 
a  smaller  tube  inside  the  casing  that  necessarily  changed  the  pressure 
and  made  it  impossible  to  gauge  the  gas  in  the  original  casing,  as  pro- 
vided by  the  terms  of  the  lease,  where  the  evidence  shows  that  by 
taking  the  pressure  in  the  tubing  and  using  a  well-known  mathe- 
matical formula  the  practical  equivalent  could  be  obtained  for  the 
pressure  in  the  casing,  and  where  the  evidence  also  shows  that  the 
calculations  of  the  minute  pressures  of  gas  are  only  practically  accu- 
rate and  the  calculation  of  the  equivalent  pressure  in  the  smaller 
tube  was  necessarily  of  the  same  general  character. 

Addleman  v.  Manufacturers*  Light  <fe  Heat  Co.  (Pennsylvania),  89  Atlantic,  674, 
January,  1914. 
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APPLICATION   OF  STATUTORY  RULB8. 

The  statutes  of  Louisiana  are  silent  on  the  subject  of  mineral 
rights  and  contracts  for  the  reason  that  minerals  under  and  within 
the  soil  of  Louisiana  were  not  in  contemplation  of  the  lawmakers; 
and  when  parties  enter  into  a  contract  of  lease  of  oil  lands  containing 
tarms  inconsistent  with,  if  not  antagonistic  to,  the  laws  and  juris- 
prudence of  the  State,  and  they  did  so  under  the  advice  of  learned 
and  competent  counsel,  a  court  will  be  slow  in  holding  one  of  the 
parties  to  a  technical  bad  faith  in  insisting  upon  a  compliance  with 
the  terms  of  the  lease  as  interpreted  by  it  and  its  legal  adviser,  or  in 
continuing  in  possession  under  a  provision  which  continued  the  lease 
in  force  and  effect  so  long  as  oil  or  gas  may  be  produced  in  paying 
quantities,  and  especially  so  when  there  is  a  difference  of  opinion  as 
to  what  may  be  properly  termed  pajring  quantities. 

Gooke  V.  Gulf  Refining  Co.  (135  Louifldana),  65  Southern,  758,  p.  758,  May,  I9I4. 

APPLICATION   OF  BXIBTING  LAWS. 

Oil  and  gas  leases  are  apart  by  themselves  and  there  is  scarcely 
any  comparison  between  them  and  the  ordinary  farm  and  house 
lease,  though  there  is  some  resemblance  to  coal  or  solid  mineral 
leases;  and  the  law  with  reference  to  sales  and  leases  in  ordinary 
legislative  enactments  can  not  be  always  appUed  to  oil  leases,  as 
these  are  the  nature  of  both  sale  and  lease,  and  the  law  with  refer- 
ence to  good  or  bad  faith  can  not  be  apphed  with  the  same  degree 
of  certainty  as  would  attend  the  interpretation  of  the  law  with  refer- 
ence to  an  ordinary  trespass. 

Cooke  V.  Gulf  Refining  Co.  (135  Louisiana),  65  Southern,  758,  p.  759,  liay,  1914. 

EPFECr  OP   EXCEPTIONS  AND   RESERVATIONS. 

A  clause  in  a  conveyance  or  lease  of  land  and  the  oil  and  gas  therein 
"excepting  and  reserving  from  this  conveyance  and  the  warranty 
herein  all  of  the  estate,  right,  title,  and  interest  in  and  to  the  premises 
above  described  which  were  conveyed  by  said  Louisa  D.  Cracraft, 
deceased,  to  James  Townsend  Russell  by  and  (an)  instrument  in 
writing  bearing  date  of  January  28,  1901,  and  ako  excepting  and 
reserving  all  the  rents,  royalties,  and  compensation  reserved  by  and 
agreed  to  be  paid  to  said  Louisa  D.  Cracraft  by  said  James  Townsend 
Russell  in  and  by  said  written  agreement,"  is  in  effect  a  reservation 
of  the  oil  and  gas  in  place,  though  the  lease  therein  referred  to  was, 
at  the  suit  of  the  lessor,  by  decree  in  her  favor,  after  the  drilling  of 
a  profitable  gas  well  on  the  land,  forfeited  and  removed  as  a  cloud 
on  her  title. 

Updegraff  v.  Blue  Creek  Coal  &  Land  Co.  (West  Viiiginia),  81  Southeastern,  1050, 
May,  1914. 
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OWNERSHIP  OF  OA8. 


A  gas  and  oil  lease  for  a  tract  of  land  in  the  ordinary  form  with  an 
agreement  to  f umiah  free  gas  to  the  lessor,  and  a  further  agreement  to 
pay  on  the  part  of  the  lessee  a  certain  specified  sum  yearly  until  a 
well  is  completed,  does  not  by  its  terms  convey  to  the  lessee  any  title 
to  the  gas  under  the  land,  but  rather  creates  in  the  lessee  the  right 
to  reduce  it  to  possession  by  means  of  drilling  wells,  and  when  so 
reduced  to  possession  it  becomes  the  personal  property,  the  absolute 
title  to  which  is  in  the  lessee,  subject  to  the  terms  of  the  lease,  and 
the  lease  extends  to  all  gas  under  the  entire  tract  of  land;  but  the 
title  thereto  remains  in  the  lessor  subject  to  the  lessee's  right  to 
explore  for  it  and  reduce  it  to  possession;  and  by  a  deed  by  the 
lessor  for  any  part  of  the  premises  to  a  third  person  the  lessor  and 
grantor  parts  with  his  title  to  so  much  of  the  land  included  in  such 
conveyance,  and  conveys  to  his  grantee  the  qualified  ownership  in 
the  gas  under  the  tract  so  conveyed;  but  the  grantee  of  such  part 
of  the  land  covered  by  the  original  lease  can  have  no  right  or  interest 
whatever  in  any  gas  produced  through  or  by  a  well  on  the  residue 
of  such  leased  land,  even  though  such  gas  or  some  part  of  it  may  have 
flowed  immediately  or  remotely  from  underneath  the  land  conveyed 
to  him. 

The  owner  of  the  fee  of  land  owns  everything  that  goes  to  make  up 
the  realty,  and  natural  gas  beneath  the  surface  is  a  part  of  the  realty 
and  the  owner  of  the  fee  is  the  owner  of  the  gas;  and  by  reason  of  the 
fugitive  character  of  natural  gas  the  owner  of  the  land  is  owner  of 
the  gas  only  in  a  qualified  sense,  and  owns  it  only  while  it  remains 
beneath  the  surface  of  his  land,  but  if  by  its  natural  tendency  to  flow 
it  escapes  to  the  lands  of  an  adjoining  proprietor  such  ownership 
then  ceases;  but  this  qualified  ownership  in  the  gas  authorizes  the 
landowner  to  reduce  it  to  possession  by  sinking  wells  on  his  land  and 
thus  permit  it  by  natural  means  or  its  own  ordinary  pressure  to  flow 
to  the  surface  and  into  a  receptacle  he  may  prepare  to  receive  the 
same,  and  when  thus  reduced  to  possession  through  a  well,  and  re- 
gardless of  whether  it  came  from  beneath  his  own  land  or  remotely 
from  the  lands  of  an  adjoining  proprietor,  it  then  becomes  personal 
property,  the  absolute  ownership  of  which  is  in  the  landowner. 

Fairbanks  v.  Warrum  (Indiana  Appeals),  104  Northeastern,  983,  p.  9S6,  April,  1914. 

MINING  LEASE   WFTH   OPTION  TO  PURCEIASE. 

An  ordinary  mining  lease,  with  an  option  to  purchase,  providing 
for  development  work  in  general,  but  with  no  provisions  for  specific 
buildings  or  other  permanent  improvements  except  the  work  done 
in  the  usual  operation  of  an  active  mine,  does  not  create  the  relation 
of  vendor  and  vendee. 

Milwaukee  Gold  Min.  Co.  v.  Thompkins-Oriaty  Hardware  Co.  (Colorado),  141 
Pacific,  527,  p.  529,  June,  1914. 
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LBA8E   BXBCUTED  BT  LIFE  TENANT — AUTHORITY  OP  REMAINDERMAN. 

A  remainderman  has  no  power  to  authorize  a  widow  holding  a 
dower  interest  in  land,  or  life  tenant,  to  execute  an  oil  and  gas  lease 
upon  the  land  unless  such  authority  is  given  by  an  instrument  in 
writing,  duly  signed  by  him  as  the  owner  of  the  fee. 

Proat  V.  Hoy  Oil  Co.  (Illinois),  105  Northeastern,  26,  p.  29,  April,  1914. 

LEASE  BY  LIFE  TENANT. 

Neither  a  widow  owning  a  dower  interest  in  land  nor  a  life  tenant 
has  the  power  to  make  a  lease  of  land  under  which  oil  or  gas  or  other 
minerals  can  be  removed  from  the  land  as  against  the  remainderman. 

Prout  V.  Hoy  Oil  Co.  (Illinois),  105  Northeastern,  26,  p.  29,  April,  1914. 

VALIDITT — FRAUD — WITHHOLDING  INFORMATION. 

Where  the  lessor  and  the  lessee  of  an  oil  and  gas  lease  stand  upon 
equal  footing  and  where  there  is  no  fiduciary  relation  of  any  character 
existing  between  them,  but  they  deal  at  arms'  length,  the  lessee  is 
not  bound  to  give  the  lessor  any  information  in  his  possession,  but 
he  has  the  right  to  remain  silent  without  violatuig  any  rule  of  law 
or  equity  and  without  subjecting  himself  to  a  charge  of  fraud;  but  if 
the  lessee  volunteered  to  give  information  for  the  purpose  of  influencing 
the  lessor,  then  it  became  his  duty  to  tell  the  truth  and  the  whole 
truth;  and  a  lease  executed  under  such  circumstances  is  valid  and  can 
not  be  nullified  by  the  execution  of  a  subsequent  lease. 

Prout  V.  Hoy  Oil  Co.  (Illinois).  105  Northeastern,  26,  p.  30,  April,  1914. 

PRESUMPTION  AS  TO  LOCATION   OF  OIL   WELL. 

Under  the  allegation  in  a  complaint  to  the  effect  that  the  owner 
of  a  certain  tract  of  land  executed  an  oil  and  gas  lease  thereon,  and  that 
the  lessee  drilled  on  said  tract  a  gas  well  which  produced  gas  in  paying 
quantities,  and  further  averring  that  subsequently  the  owner  conveyed 
a  certain  portion  of  the  first-described  tract,  it  will  be  presumed,  in 
the  absence  of  an  allegation,  that  the  gas  well  mentioned  was  on  the 
residue  of  the  said  tract  rather  than  on  the  part  conveyed. 

Fairbanks  v.  Wamim  (Indiana  Appeals),  104  Northeastern,  983,  p.  986,  April,  1914. 

RIGHT  OF  LESSEE  TO  CONSTRUCT  ROAD — LLA.BILITY  FOR   DAMAGES. 

A  lessee  having  the  right  under  his  lease  to  go  upon  certain  de- 
scribed land  of  the  lessor  and  bore  and  develop  said  land  for  oil  and 
gas,  with  the  necessary  usual  and  convenient  rights  therefor,  has  a 
right  to  build  a  road  over  the  land  where  the  building  of  such  road  is 
necessary  to  enable  him  to  haul  material  for  his  rig  and  tools  and 
machinery  for  drilling;  but  if  after  building  such  road  he  in  good  faith 

63632'— Bull.  90—15 ^11 
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abandons  the  contemplated  exploration  for  oil  and  gas  before  drilling 
a  welly  he  is  liable  to  the  lessee  for  damages  to  the  land  caused  by  the 
building  of  such  road. 

Coffindaifer  v.  Hope  Natural  Gas  Co.  (West  Viigima),  81  Southeastern,  966,  p.  967, 
May,  1914. 

FRAUDULENT  ALTERATION. 

The  lessee  in  an  oil  and  gas  lease  can  claim  no  rights  under  a  lease 
where,  according  to  the  evidence  and  circumstances,  he  made  a  fraudu- 
lent change  in  the  date  for  the  purpose  of  extending  the  term  and  life 
of  the  lease,  and  where  no  operations  were  begun  within  the  origmal 
lifetime  of  the  lease. 

Southern  v.  South  Pezm  Oil  Co.  (West  Viigima),  81  Southeastern,  981,  April,  1914. 

ESCROW — DELIVERY  TO   LESSEE. 

There  can  be  no  delivery  of  an  oil  and  gas  lease  in  escrow  where 
the  lease  is  complete  in  itself  and  the  delivery  was  made  to  the 
lessee,  as  such  a  delivery  is  absolute,  notwithstanding  any  verbal 
agreement  between  the  parties. 

Gafihiey  v.  Stowers  (West  Viiginia),  80  Southeastern,  501,  p.  504,  Dec^nber,  1913. 

WHEN  TENANT  MAT  DENT  TITLE  OF  LANDLORD. 

A  lessee  holding  leases  of  two  adjacent  landowners  took  possession 
of  a  particular  part  of  the  leased  lands  of  one  lessor  and  drilled  an 
oil-producing  well  and  operated  the  same  for  more  than  10  years, 
and  during  such  time  paid  the  oil  royalties  to  the  lessor  under  whose 
lease  the  entry  was  made,  and  during  all  of  such  time  maintained  a 
sign  in  large  letters  on  the  walking  beam,  in  plain  view  of  public 
highways  anJ  railroads,  showing  imder  whose  lease  the  well  was 
drilled  and  operated,  is  not,  after  the  expiration  of  the  period  of  the 
statute  of  limitations  estopped  to  deny  the  title  of  the  other  lessor 
in  an  action  by  such  lessor  for  an  accoimting,  on  the  groimd  that 
the  well  was  on  his  land;  and  in  order  to  work  an  estoppel  in  such  case 
on  the  part  of  the  lessee  the  lessor  claiming  the  land  must  do  more 
than  show  the  lease  contract,  but  must  show  actual  possession  by 
himself  of  the  particular  land  involved  and  that  the  lessee  was  let 
into  possession  by  him  and  not  by  the  lessor  of  the  other  tract. 

Lockwood  V.  Carter  Oil  Co.  (West  Virginia),  80  Southeastern,  814,  p.  817,  February, 
1914. 

FAILURE   OF  TITLE — RECOVERT  FOR  MONET  PAID. 

Money  paid  as  rent  imder  an  oil  and  gas  lease  may  be  recovered 
back  as  money  paid  on  a  consideration  that  has  partially  failed,  where 
the  lessee  could  not  enter  because  of  the  doubtfid  title  in  the  lessor, 
if  the  money  was  paid  without  knowledge  of  the  facts  showing  defect 
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in  the  title;  but  if  the  money  was  paid  voluntarily  with  knowledge 
of  aU  the  facts,  but  under  a  mistake  as  to  the  law  arising  thereon, 
then  it  can  not  be  recovered. 

Gaffney  v.  Stowen  (West  Yiiginia),  80  Southeastern,  501,  p.  504,  December,  1913. 

BREACH  OF  COVENANT — ^UABUJTT  OF  LESSOR. 

The  lessor  of  an  oil  and  gas  lease  is  not  liable  in  an  action  of  assump- 
sit for  the  breach  of  a  covenant  for  quiet  enjoyment  where  the  lease 
expressly  excepted  the  minerals  retained  for  the  sake  of  a  compromise 
with  a  certain  named  corporation,  and  on  the  ground  that  the  lessor 
had  wholly  failed  to  place  the  lessee  in  possession  of  the  minerals,  and 
where  it  appeared  that  no  person  had  been  in  possession  of  the  oil 
and  gas  by  drilling  or  otherwise,  between  the  date  of  the  lease  and  the 
date  of  its  alleged  surrender,  and  no  one  was  shown  to  have  set  up 
any  claim  to  the  oil  or  gas  in  any  way  to  Have  prevented  the  lessee 
from  taking  possession,  and  where  the  lessee  made  no  effort  to  obtain 
possession,  and  no  act  of  obstruction  on  the^art  of  the  lessor  was 
shown,  and  where  the  only  matter  reUed  upon  as  constituting  an 
eviction  or  breach  of  the  covenant  was  a  lack  of  title  to  the  oil  and  gas 
in  the  lessor. 

Gaffney  v,  Stowera  (West  Viiginia),  80  Southeastern,  501,  p.  503,  December,  1913. 

UABnJTY  OF  LESSOR  FOR  FAH^URE  TO  DELIVER  POSSESSION. 

A  person  executing  a  pretended  lease  for  land  of  which  he  had  no 
title,  because  of  his  own  default  in  the  performance  of  a  prior  agree- 
ment with  the  owner  of  the  legal  estate,  and  imposing  conditions 
upon  the  lessee  which  required  of  him  the  expenditure  of  money  in 
advance  of  the  taking  possession  of  the  leased  premises,  and  so  acting 
in  bad  faith,  knowing  the  impossibility  of  performance  on  his  part, 
IS  liable  to  the  lessee  either  in  an  action  for  a  breach  of  the  covenant 
for  peaceable  possession,  or  for  breach  of  an  agreement  to  convey 
an  estate  in  real  property,  and  the  damages  for  the  breach  in  either 
case  would  be  those  which  would  ordinarily  and  proximately  follow 
from  the  breach  of  such  a  contract  under  the  peculiar  circumstances, 
which  were  known  to  both  parties. 

Kline  v.  Guazanty  Oil  Co.  (Oalifomia)  140  Pacific,  1,  p.  4,  April,  1914. 

See  Gaffney  v,  Stowera  (West  Viigima),  80  Southeastern,  501,  December,  1913. 

DEFECTS  CURED  BT  OPERATIONS. 

A  condition  ija  an  oil  lease  to  the  effect  that  if  the  lessee  should  fail 
to  commence  operation  within  24  months  then  the  lessor  might  declare 
the  lease  null  and  void  by  giviog  written  notice  to  the  lessee,  subject 
to  the  right  of  the  lessee  to  the  continuance  of  the  oil  and  mineral 
rights  granted  by  the  lease,  by  the  payment  to  the  lessor  of  rental 
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at  the  rate  of  50  cents  per  month  per  acre,  until  operations  shall  have 
been  begun,  may  have  made  the  lease  potestative  in  the  beginning, 
but  the  defect  was  cured  by  the  subsequent  commencement  of  the 
work  by  the  lessee  at  the  instance  and  request  of  the  lessor,  and  after 
the  work  had  actually  commenced  and  after  the  discovery  of  oil  on 
the  adjacent  premises  by  the  operations  of  the  lessee,  the  lessor 
can  not  then  declare  the  lease  nuU  and  void,  and  the  assignee  of  the 
lessor,  after  the  commencement  of  such  operations  by  the  lessee,  has 
no  greater  rights  than  the  original  lessor  and  is  bound  by  all  the 
equities  between  the  lessor  and  lessee. 

Hndapeth  v.  Producer'  Oil  Co.  (134  Louisiana),  04  Southern,  891,  p.  893,  March, 
1914. 

LIABIUTT  OF  LB8BBS   FOR  BREACH   OF  COVENANT — ^LBSaOR^S  RIGHT  TO   SUE. 

The  lessor  in  an  oil  and  gas  lease  for  a  term  of  five  years,  and  con- 
taining the  usual  terms  and  conditions  and  requiring  the  lessee  to 
drill  a  well  within  a  st^d  time  and  to  pay  certain  stipulated  royal- 
ties, may  sue  the  lessee  for  a  breach  of  any  express  or  implied  cove- 
nant of  the  lease  resulting  in  damages  to  him;  and  a  cause  of  actioQ 
immediately  arises  in  his  favor,  and  he  is  not  required  to  wait  until 
the  abandonment  of  the  premises  or  expiration  of  the  lease  to  bring 
his  action,  and  the  remedy  in  such  case  is  not  forfeiture  but  a  right 
to  sue  for  a  breach  of  the  contract. 

Dai]£^etee  v.  Ohio  Oil  Co.  (Illinois),  105  Northeaatem,  308,  p.  310,  June,  1914. 

BREACH  OF  COVENANT — ^MEASURE  OF  DAMAGES. 

A  lessor  leasing  to  an  oil  company  land  one  body  aggregating 
2,200  acres  and  various  tracts  in  the  vicinity  aggregating  3,000  acres, 
in  consideration  that  the  oil  company  shoidd  develop  the  land  by 
boring  for  oil  and  gas  and  shoidd  drill  a  well  to  a  depth  of  1,200 
feet,  is  entitled  to  recover  as  damages  for  a  breach  of  the  lease  in 
failing  to  drill  the  well  to  the  depths  specified,  and  in  the  lessee's 
abandoning  the  well  before  reaching  the  specified  depth,  the  reason- 
able market  value  of  the  leases,  as  this  must  be  regarded  as  the  actual 
value  paid  by  the  lessor  to  have  the  well  drilled  as  specified. 

Henry  Oil  Co.  v.  Head  (Texas  Civil  Appeals),  163  Southwestern,  311,  November, 
1913. 

In  an  action  by  a  lessor  agahist  the  lessee  of  an  oil  and  gas  lease  for 
damages  for  breach  of  a  covenant,  in  that  the  lessee  failed  to  diU- 
gently  develop  the  premises  after  the  discovery  of  oil  in  paying 
quantities,  the  lessor  is  not  prevented  from  recovery  because  the 
damages  axe  speculative  or  conjectural,  and  the  rule  is  that  while 
the  law  will  not  permit  witnesses  to  speculate  or  conjecture  as  to  the 
possible  or  probable  damages,  still  the  best  evidence  of  which  the 
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subject  will  permit  is  receivable,  and  this  is  often  nothing  better 
than  the  opinion  of  weU-informed  persons  on  the  subject  matter 
imder  investigation;  and  the  lessee  in  such  an  action  is  not  immune 
from  damages  though  he  has  committed  no  fraud  and  has  act^d  in 
good  faith  and  has  not  drained  oil  from  the  lessor's  premises  by 
means  of  wells  on  other  adjacent  lands;  nor  is  he  permitted  to  escape 
for  a  failure  to  drill  and  operate  additional  wells  if,  acting  on  his  own 
judgment,  he  beUeves  that  it  will  not  be  profitable  for  him  to  do  so, 
as  his  determination  in  such  case  is  not  final,  and  such  a  lease  can 
not  be  construed  to  save  the  lessee  harmless  on  his  arbitrary  refusal 
to  further  explore  and  develop  the  leased  premises;  and  in  such  case 
the  lessor  is  not  required  to  prove  that  oil  and  gas  have  actually  been 
lost  to  him  by  being  drawn  from  the  leased  premises  through  wells 
on  adjacent  premises  or  by  some  wrongful  or  fraudulent  act  of  the 
lessee,  but  under  such  a  lease  it  is  clearly  the  contemplation  of  the 
parties  and  the  primary  object  in  making*  the  lease  that  the  lessee 
shall  go  on  and  drill  additional  wells,  market  the  product,  and  pay 
the  lessor  his  royalties  thereon,  and  the  lessee  in  eflFect  agrees  to  do 
this  in  order  that  the  lessor  can  realize  on  the  value  of  the  product. 

Daughetee  v.  Ohio  Oil  Co.  (Illinois),  105  Northeafitern,  308,  p.  311,  June,  1914. 

FRAUD   OP  OFFICER — LEASE   TO   HIMSELF. 

A  person  purchasing  a  majority  of  the  stock  of  a  mining  corporation 
for  the  fraudulent  purpose  of  obtaining  possession  of  its  mines  can 
not,  after  electing  himself  president  and  managing  officer,  make  a 
lease  of  the  mining  property  to  himself  and  take  possession  of  and 
operate  the  company's  mine,  and  can  not  in  this  manner  acquire  any 
equiti^  in  the  property  or  growing  out  of  the  imlawful  contract  as 
against  the  corporation  or  a  stockholder. 

Fmnklin  v.  Havalena  Min.  Co.  (Arizona),  141  Pacific,  727,  p.  730  (June,  1914). 

INJUNCTION  TO  PREVENT  OPERATION. 

A  preliminary  injunction  to  prevent  a  lessee  from  operating  for 
oil  and  gas  under  a  lease  should  not  be  granted  where  the  evidence 
shows  that  the  lessee  has  been  in  undisputed  possession  of  the  land 
and  has  drilled  thereon  a  number  of  wells,  built  tanks,  established 
pipe-line  connection,  and  is  actually  producing  large  quantities  of  oil. 

Ingram  v.  Bream  (Pennsylvania),  88  Atlantic,  880,  June,  1913. 

DEVELOPMENT    IMPLIED. 

DIUOENCE   REQUIRED  IN    OPERATION. 

Where  the  object  of  the  operations  under  an  oil  and  gas  lease  is 
to  obtain  a  benefit  or  profit  for  both  the  lessor  and  lessee,  neither  is 
in  the  absence  of  stipulations  to  that  effect  the  arbiter  of  the  extent 
to  which  or  the  diligence  with  which  the  operation  shall  proceed. 
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but  both  are  bound  by  the  standard  of  what  imder  the  circumstanoes 
would  be  reasonably  expected  of  an  operator  of  ordinary  prudence 
having  regard  to  the  interest  of  both. 

Indiana  Oil,  Gas  &  Development  Co.  v.  McCrory  (Oklahoma),  140  Pacific,  610,  p. 
613,  May,  1914. 

PRBSlTMPnON  AS  TO  DEVELOPMENT. 

From  the  fact  that  lessors  in  oil  and  gas  leases  usually  receive  no 
consideration  except  in  royalties  from  oil  or  gas  after  their  discovery 
the  presumption  always  is  that  such  leases  are  made  for  the  purpose 
of  inmiediate  development  unless  the  contrary  appears  from  the 
terms  of  the  lease  itself. 

Biugan  V.  South  Penn  Oil  Co.  (Pennsylvania),  89  Atlantic,  823,  p.  825,  January, 
1914. 

mPLISD  OBLIQATION  TO  DEVELOP. 

An  oil  and  gas  lease,  the  only  consideration  of  which  on  the  part 
of  the  lessee  was  that  he  should  drill  for  oil,  imposed  the  implied 
obhgation  on  him  that  he  woidd  use  reasonable  diligence  in  oper- 
ating the  premises  after  they  had  been  developed,  and'  where  oil 
had  been  found  on  the  land  there  arose  an  implied  obligation  on 
the  part  of  the  lessee  to  put  down  as  many  wells  as  may  be  reasonably 
necessary  to  secure  the  oil  for  the  common  advantage  of  both  lessor 
and  lessee. 

Caddo  Oil  &  Min.  Co.  v.  Producers'  Oil  Co.  (134  Louisiana),  64  Southern,  684,  p. 
690,  March,  1914. 
Brown  V.  Producers'  Oil  Co.  (134  Louisiana),  64  Southern,  674,  p.  676. 

UCPUED  COVENANT  TO   DEVELOP. 

An  oil  and  gas  lease  reserving  to  the  lessor  royalties  in  kind  and 
in  money  on  the  oil  produced  and  saved  and  the  gas  used  off  the  prem- 
ises as  the  consideration  and  inducement  for  the  lease,  and  which, 
while  expressly  requiring  the  drilling  of  one  well  during  the  first 
five  years,  does  not  expressly  define  the  measure  of  diligence  to  be 
exercised  after  the  expiration  of  that  period,  contains,  however,  a 
covenant  on  the  part  of  the  lessee,  arising  by  necessary  implication 
from  the  nature  of  the  lease  and  the  character  of  the  mineral  sought, 
that  if  during  the  term  allowed  for  original  exploration  and  devel- 
opment oil  or  gas  is  f  oimd  in  paying  quantities  the  work  of  develop- 
ment and  production  shall  be  continued  with  reasonable  diligence, 
to  the  end  that  the  extraction  of  the  oil  and  gas  from  the  leased 
lands  shall  be  mutually  advantageous  and  profitable  to  the  lessor 
and  lessee;  and  this  implied  obligation  is  as  effectual  as  if  expressed, 
and  if  it  arises  from  the  language  of  the  lease  it  is  controlling,  and  if 
the  lessee  fraudulently  fails  or  refuses  to  conduct  such  proper  opera- 
tions equity  will,  at  the  suit  of  the  lessor,  decree  either  total  or  partial 
cancellation  of  the  lease,  accordmg  to  the  facts  and  circumstances 
averred  and  proved. 

JenningB  v.  Southern  Carbon  Co.  (\Vet<t  Virginia),  80  Southeastern,  368,  p.  368, 
NovomlMT,  19i:<. 
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DfPUBD  COVENANT — BINDING    EFFECT. 

Leases  for  oil  and  gas  are  subject  to  the  implied  covenants  that  the 
lessee  will  do  all  that  is  necessary  to  cany  into  effect  the  purposes  and 
objects  of  the  lease,  and  there  is  an  impUed  covenant,  in  the  absence  of 
an  express  agreement  to  b^in  work  within  a  certain  time,  to  b^ia 
the  operations  within  a  reasonable  time;  and  tUs  implied  covenant 
is,  after  oil  or  gas  has  been  discovered,  as  effectual  and  forceful  as 
if  it  were  expressed  in  direct  terms,  as  implication  is  but  another 
term  for  intention;  and  the  practically  universal  interpretation  of  oil 
and  gas  leases  is  that  in  the  absence  of  an  express  covenant  there 
arises  a  legal  implication  that  the  lessee  will  drill  as  many  weUs  as 
win  afford  sufficient  protection  against  drainage  and  otherwise  so 
develop  the  leased  premises  as  to  serve  the  mutual  benefit  of  both 
lessor  and  lessee. 

Jennings  v.  Southern  Carbon  Co.  (West  Yiiginia),  80  Southeastern,  368,  p.  360, 
Noveniber  1913 
Chandler  v.  French  (West  Yiiginia),  81  Southeastern,  825,  p.  828,  May,  1914. 

DISCOVERT  OF  OIL — ^QIPLIED  COVENANT  TO  DEVELOP. 

The  lessee  of  an  oil  lease  in  legal  form,  after  a  test  well  has  been 
drilled  and  oil  found  in  paying  quantities,  is  bound  to  proceed  with 
reasonable  diligence  to  put  down  as  many  additional  wells  as  may 
be  necessary  to  properly  develop  the  premises  aad  to  operate  such 
wells  and  pay  the  lessor  the  royalty  provided  by  the  lease,  and  in 
the  absence  of  an  express  covenant  to  this  effect  a  covenant  will  be 
implied. 

Dau^etee  v.  Ohio  Oil  Co.  (Illinois),  105  Northeastern,  308,  p.  309,  June,  1914. 

CONTRACT  FOR  DEVELOPMENT — FORFEITURE. 

A  lease  for  oil  and  gas  for  the  sole  and  only  purpose  of  prospecting, 
drilling,  or  operating  for  oil,  gas,  petroleum,  coal,  or  other  minerals 
for  a  term  of  20  years,  and  as  long  thereafter  as  such  oil,  gas,  coal, 
or  other  minerals  are  found  in  paying  quantities,  reserving  to  the 
lessor  a  certain  stipulated  royalty  on  the  oil  and  the  customary  royalty 
on  the  other  minerals,  required  the  lessee  to  begin  drilling  within  30 
days  and  to  prosecute  the  work  with  due  diligence  imtil  a  well  is 
completed,  and,  providing  that  a  failure  to  drill  a  well  as  provided 
shall  render  the  lease  nuU  and  void,  can  not  be  forfeited  where  the 
lessee  did  commence  and  complete  a  well  within  the  specified  time 
and  obtained  oil  in  paying  quantities,  as  he  thereby  acquired  a  vested 
right  under  the  lease  for  the  time  stipulated  and  was  not  subject  to 
forfeiture  for  failure  of  the  lessee  to  further  drill  and  develop  the 
leased  premises. 

McAfee  r.  Grubb  (Texas  Civil  Appeals),  164  Southwestern,  925,  p.  926,  March,  1914. 
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IMPUED   COVENANTS. 


A  lease  of  certain  lands  granted  ''all  the  oil  and  gas''  tinder  the 
lands  described  together  with  the  right  to  enter  at  all  times  for  the 
purpose  of  drilling  and  operating,  with  the  right  to  erect  and  main- 
tain structures,  pipe  lines,  and  machinery  necessary  for  the  produc- 
tion and  transportation  of  oil  and  gas  and  give  the  right  to  use  suffi- 
cient water,  oil,  and  gas  to  run  the  necessary  engines  in  the  prosecu- 
tion of  the  business,  and  reserved  to  the  lessor  substantial  royalties 
in  kind  and  in  money  on  the  oil  produced  and  saved  and  on  the 
gas  used  off  the  premises,  the  lease  indicating  that  the  promise  of  such 
royalties  was  the  controlling  inducement  to  the  grant,  and  while 
expressly  requiring  that  drilling  commence  within  90  days  from  the 
date  of  the  lease,  but  not  expressly  defining  the  measure  of  diligence 
to  be  exercised  by  the  lessee  in  the  work  of  development  and  produc- 
tion after  the  expiration  of  the  stated  period,  it  is  held  to  contain  a 
covenant  on  the  part  of  the  lessee  arising  by  necessary  implication 
from  the  nature  of  the  lease  and  the  stipulations  therein  contained, 
to  the  effect  that  if  during  the  term  of  the  lease  either  oil  or  gas  is 
found  in  paying  quantities  then  the  work  of  development  and  pro- 
duction shall  be  continued  with  reasonable  diligence  and  along  lines  as 
will  be  reasonably  calculated  to  make  the  extraction  of  oil  and  gas 
from  the  leased  land  of  mutual  advantage  and  profit  to  the  lessor 
and  lessee. 

Indiana  Oil,  Gas  &  Development  Co.  v.  McOrory  (Oklahoma),  140  Pacific,  610,  p. 
613,  May,  1914. 

FORFEITURE    AND   CANCELLATION. 
FAILURE   TO   OPERATE. 

A  lease  of  land  for  oil  and  gas  for  a  period  of  40  years,  imposing 
upon  the  lessee  no  duty  whatever  save  and  except  the  nominal  one 
of  paying  to  the  lessor  as  royalty  1  per  cent  of  the  net  proceeds  de- 
rived from  all  oil  or  gas  obtained,  should  the  lessee  see  fit  to  develop 
the  land,  may  be  a  valid  lease,  but  will  be  forfeited  at  the  suit  of  the 
lessor  where  it  is  shown  that  the  lessor  for  a  period  of  18  months  or 
more  made  no  move  to  prospect  for  oil  or  do  anything  whatever  in 
that  direction  and  gave  no  explanation  of  his  delay  in  that  behalf,  as 
fiUch  unexplained  delay  is  sufficient  to  work  the  forfeiture  of  a  lease. 

Davis  V.  Riddle  (Colorado),  136  Pacific,  551,  November,  1913, 

FAILURE   TO    OPERATE — TERMINATION   OF  LEASE. 

Where  an  oil  and  gas  lease  provided  that  in  case  the  grantee  should 
sink  a  well  and  discover  oil  or  gas  or  other  mineral  within  the  specified 
time,  then  the  lease  should  be  in  full  force  and  effect  for  the  period 
of  20  years  from  the  discovery  of  such  mineral  and  as  much  longer 
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as  minerals  are  produced  in  paying  quantites,  the  lease  itself  must 
terminate  when  the  lessee  ceases  to  operate,  as  the  term  was  depend- 
ent upon  a  continuance  of  operation  by  the  lessee. 

Blown  V.  Ppoducere'  Oil  Co.  (134  Louisiana),  64  Southern,  674,  p.  676,  March,  1914. 

FORFEITURE   FOR   BREACH   OF  COVENANT. 

While  courts  of  equity  generally  refuse  to  aid  in  the  enforcement 
of  a  forfeiture,  yet  a  court  of  equity  will  decree  a  forfeiture  of  an  oil 
and  gas  lease  on  account  of  a  breach  of  an  implied  covenant  to  dili- 
gently, operate  and  develop  the  property  when  such  forfeiture  will 
effectuate  justice  and  is  more  consonant  with  the  principles  of  rights 
justice,  and  morality  than  to  withhold  equitable  relief. 

Indiana  Oil,  Gas  &  Development  Co.  v.  McCrory  (Oklahoma),  140  Pacific,  610,  p. 

614,  May,  1914. 

ACnON  TO   FORFEIT  LEASE — DAMAGES. 

In  an  action  by  a  lessor  to  forfeit  a  lease  of  land  for  oil  and  gas 
purposes  for  breach  of  an  implied  covenant  to  diUgently  prosecute 
the  work,  a  court  can  not  decree  damages  together  with  a  judgment 
of  forfeiture  where  the  rules  by  which  damages  are  established  are  so 
indefinite  and  uncertain  as  to  amount  at  most  to  a  mere  gueSs,  and 
where  the  production  from  the  wells  on  the  lease  in  suit,  as  well  as 
that  from  the  weUs  on  the  adjoining  land,  was  unequal  and  varying, 
and  where  from  wells  drilled  into  the  same  sand  and  only  a  few  hun- 
dred feet  apart  the  production  was  so  variant  that  it  would  be  absurd 
for  a  court  to  fix  any  stated  amount  of  damagas  for  failure  of  the 
lessee  to  operate  diligently. 

Indiana  Oil,  Gas  &  Development  Co.  v.  McCrory  (Oklahoma),  140  Pacific,  610,  p. 

615,  May,  1914. 

FORFBITURB— COMPLIANCE    WITH  CONDITION. 

An  oil  and  gas  lease  giving  the  lessee  the  right  of  developing, 
producing,  and  marketing  oil  and  gas  for  a  term  of  five  years  and  as 
long  thereafter  as  oil  and  gas  should  be  found,  the  lessee  to  complete 
a  well  within  one  year  or  pay  an  annual  rental  of  25  cents  per  acre 
until  a  well  should  be  completed,  the  lessor  to  have  one-eighth  of  all 
oil  produced  and  saved  on  the  premises  and  the  lessee  to  pay  $100 
per  annum  for  each  well  from  which  gas  was  marketed,  can  not  be 
cancelled  at  the  suit  of  the  lessor  where  the  annual  rental  had  been 
paid  and  where  the  lessee  had  drilled  a  well  and  was  engaged  ia  pump- 
ing it,  though  the  production  was  unprofitable  and  the  lessor  had 
received  no  royalty. 

Gilleepie  v.  Ohio  Oil  Co.  (IllinoiB),  102  Northeastern,  1043,  p.  1044,  October,  1913. 

A  lease  of  land  for  oil  and  gas  purposes  in  the  usual  form  and 
providing  that  the  lessor  should  receive  one-half  of  the  profits  from 
all  wells,  and  providing  that  in  case  the  lessee  should  cease  operations 
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for  oil  or  gas  for  a  period  of  60  days  then  the  lease  should  become 
null  and  void  at  the  option  of  the  lessor,  indicates  that  development 
is  the  central  purpose,  and  if  a  forfeiture  is  provided  for  in  case  of  a 
failure  to  develop  according  to  the  terms  of  the  lease  a  forfeiture  will 
be  declared  and  enforced  where  the  lessor  brings  himself  within  the 
provisions  authorizing  such  forfeiture. 

Dittman  v,  Keller  (Indiana  Appeals),  104  Northeastern,  40,  February,  1914. 

FAILURE   OF  LESSEE  TO  PERFORM. 

A  grantee  in  a  conveyance  or  lease  that  provides  that  in  considera- 
tion of  the  payment  of  the  sum  of  $105  the  grantors  agree  to  grant 
and  convey  by  deed  of  general  warranty  to  the  said  grantee  the 
undivided  one-sixteenth  part  of  the  oil  and  one-half  of  the  gas  within 
and  underlying  the  land  described,  and  containing  a  provision  to  the 
effect  that  '4t  is  hereby  agreed  and  understood  that  the  essence  of 
this  agreement  is  the  payment  of  the  sum  of  $200  for  each  well  to  be 
paid  within  90  days  after  said  wells  are  tapped  and  tested,  and  a 
failure  to  pay  the  same  withui  the  time  hereinbefore  specified  is  to 
render  this  contract  null  and  void,  and  the  parties  of  the  first  and 
second  part  are  to  stand  relieved  from  all  damages  and  responsibility 
for  the  nonexecution  and  nonfulfillment  of  this  contract,  by  reason 
of  the  failure  to  make  said  payment,  within  the  time  before  specified," 
can  not  maintain  an  action  for  an  accounting  against  the  lessor  and  a 
subsequent  lessee,  for  oil  or  gas  produced,  if  he  fails  to  show  payment 
of  the  sum  stipulated  and  performance  by  him  of  all  other  conditions 
precedent,  as  the  payment  of  the  $200  for  each  well  within  the  time 
stipulated  was  a  condition  precedent  to  the  assertion  of  any  right  in 
the  oil  or  gas  by  the  grantee  or  lessee. 

Freeman  v.  Carnegie  Natural  Gas  Co.  (West  Virginia),  81  Southeastern,  572,  p.  574, 
April,  1914. 

UNCERTAINTY  IN   DESCRIPTION— CANCELLATION  OF  INSTRUMENT. 

A  complaint  in  an  action  by  a  senior  lessee  of  oil  and  gas  to  cancel 
a  lease  held  by  a  junior  lessee  covering  part  of  the  same  land  is  not 
insuffcient  because  the  descriptions  are  too  vague  and  uncertain 
where  the  description  in  the  complaint  and  the  lease  filed  as  an 
exhibit  bounds  the  senior  lessee's  land  on  every  side  by  reference 
to  lines  of  other  landowners  and  names  the  quantity  bounded  as  340 
acres,  and  the  leased  premises  so  described  necessarily  include  the  oil 
underlying  the  various  tracts  composing  such  340  acres,  and  a  de- 
scription of  land  by  references  to  lines  of  other  landowners  is  a 
sufficient  identification  if  the  lines  adopted  can  be  identified  on  the 
ground. 

South  Penn  Oil  Co.  v.  Gardner  Oil  &  Gas  Co.  (West  Virginia),  82  Southeaatem,  203, 
May,  1914. 
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PEBIOD  AND  TERMINATION. 


An  oil  and  gas  lease  which  stipulates  that  it  is  to  continue  durii)g 
the  time  that  gas  or  oil  are  found  in  paying  quantities  is  at  an  end  and 
may  be  annulled  when  the  time  during  which  the  lessee  has  the  right 
to  exploit  the  land  has  expired  and  no  oil  or  gas  has  been  foimd. 

Cooke  V.  Gulf  Refixdng  Co.  (135  Louisiana),  65  Southern,  758,  p.  759,  May,  1914. 

MINING  PROPERTIES. 
Taxation. 
Trespass. 
Tttle. 

Contracts  of  Sale. 
Statutory  Liens. 

taxation. 

CONSTRUCnON   OF  STATUTE — RBCOVBRT  OF  TAX. 

The  right  of  appeal  granted  by  the  Wisconsin  income-tax  law 
(sec,  1087772r-l3,  Stat.  1911),  authorizing  a  corik>ration  feeling  ag- 
grieved by  the  decision  of  the  State  Tax  Commissioh  regarding  the 
assessment  of  its  income,  shall  be  granted  the  same  rights  of  hearing 
and  appeal  as  are  now  granted  corporations  assessed  by  said  com- 
mission, refers  to  a  review  before  the  tax  conmiission  of  its  prelimi- 
nary decisions  as  to  the  amount  of  income  on  which  the  corporation 
must  pay  income  tax,  and  does  not  authorize  a  corporation  to  sue 
to  recover  an  income  tax  illegally  levied  and  collected. 

Montreal  Min.  Go.  v.  State  (Wisconain),  144  Northwestern,  195,  December,  1913. 

CLAIM  OF  UNJUST  ASSESSMENT — REMEDY. 

A  mining  corporation  whose  property  is  duly  assessed  for  taxation 
by  the  assessing  officer  can  not  assert  that  the  assessment  was  imjust 
in  an  action  by  the  State  to  collect  the  taxes  assessed  without  first 
making  application  to  the  county  board  of  equalization  at  the  time 
fixed  by  the  statute,  although  the  assessing  officer  was  in  fact  guilty 
of  fraudulent  and  corrupt  conduct. 

Arizona  Copper  Co.  v.  State  (Arizona),  137,  Pacific  417,  December,  1913. 

MINERALS   RB8BRVBD  FROM   CONVEYANCE. 

A  reservation  in  a  deed  executed  by  the  Northern  Pacific  Railroad 
Co.  contained  the  clause  ''excepting  and  reserving  unto  the  grantors, 
its  successors  and  assigns,  forever,  all  mineral  of  any  nature  whatso- 
ever upon  or  in  said  land,  including  coal  and  iron,  and  also  the  use  of 
such  surface  ground  as  may  be  necessary  for  exploring  for  and  mipiTig 
or  otherwise  extracting  and  carrying  away  the  same,"  constitutes 
property  that  is  subject  to  taxation  under  the  laws  of  Montana. 

Northern  Pacific  R.  Co.  v.  Mjelde  (Montana),  137  Pacific,  386,  p.  387,  December,  1913. 
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MINING  CLAIHB  SUBJECT  TO  TAXATION. 


The  constitution  of  Montana  (art.  12,  sec.  3)  provides  that  all  mines 
and  mining  daims,  whether  placer  or  lode,  containing  gold,  silver, 
copper,  lead,  coal,  or  other  mineral  deposits,  when  purchased  from 
the  United  States,  shall  be  taxed  at  the  price  paid  the  United  States 
therefor,  unless  the  surface  ground  of  such  mine  or  claim  is  used  for 
other  than  mining  purposes  and  has  a  separate  and  independent 
value  for  such  other  purposes,  in  which  case  the  surface  ground  so  used 
for  other  than  mining  purposes  shall  be  taxed  at  its  value  for  such 
other  purposes  as  provided  by  law;  and  all  machinery  used  in  minijig 
and  all  property  and  surface  improvements  in  connection  with  a 
mine  or  a  mining  cldjn,  having  a  separate  and  independent  value, 
as  well  as  the  annual  net  proceeds  of  all  mines  and  mining  claims, 
are  subject  to  taxation,  is  not  a  provision  exempting  property  from 
taxation,  but  is  a  revenue  measure  and  fixes  an  arbitrarv  valuation 
upon  the  surface  of  patented  mining  claims  as  such,  and  makes  the 
net  value  of  the  proceeds  the  standard  by  which  the  value  of  a  mine 
shall  be  determined;  but  neither  an  unworked  mining  claim  nor  an 
operated  mine  is  relieved  of  the  revenue  upon  the  basis  thus  estab- 
lished, and  a  nonproducing  mine  is  not  exempted  though  there  is  an 
implication  that  the  nonproducing  mine,  independently  of  its  surface, 
does  not  have  any  value  for  the  purpose  of  taxation  and  that  minerals 
while  in  a  mine  or  mining  claim  have  no  taxable  value. 

Northern  Pkc.  R.  Co.  r.  Mjelde  (Montana),  137  Pacific,  388,  p.  387,  December,  I9I3. 


WHAT  CONSTITUTES  A   MINE. 


Under  article  12,  section  3,  of  the  constitution  of  Montana  provid- 
ing for  the  taxation  of  mines  and  mining  claims,  the  sense  in  which 
the  term  **mine"  is  used,  if  there  is  any  doubt,  must  be  determined 
in  favor  of  a  definition  under  which  public  revenue  will  be  raised 
rather  than  a  meaning  which  will  defeat  the  purpose  of  the  constitu- 
tional provision,  as  it  was  the  evident  intention  of  the  convention 
forming  the  constitutional  provision  to  make  such  mining  properties 
subject  to  taxation  and  not  to  exempt  them  from  taxation. 

Northern  P^.  R.  Co.  v.  Mjelde  (Montana),  137  Pacific,  386,  p.  390,  December,  1913. 

MINES   AND   MINING  CLAIMS — WHAT  CONSTITUTES   FOR  TAXATION. 

Under  the  constitution  of  Montana  providing  for  the  taxation  of 
all  mines  and  mining  claims  the  term  *' mining  claim"  as  therein  used 
indicates  a  tract  of  land  to  whicvh  the  right  of  possession  or  title  has 
been  acquired  pursuant  to  the  acts  of  Congress  relating  to  the  dispo- 
sition of  mineral  lands^  including  coal  lands,  and  a  mine,  independ- 
ently of  the  surface,  in  the  revenue  sense  as  there  employed,  is  a 
mineral  deposit,  whether  metallic  or  nonmetallic,  developed  to  the 
point  of  production  and  actual  yielding  or  capable  of  yielding  pro- 
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ceeds;  and  an  undeveloped  body  of  ore  is  not  a  mine  though  title 
to  it  was  secured  under  the  mining  laws,  but  is  merely  a  part  of  the 
real  estate  itself;  and  the  word  ^^mine"  in  this  section  of  the  consti- 
tution* tloes  not  include  hidden,  unknown,  or  undeveloped  deposits 
of  ore  or  coal. 

NcHTthem  Pac.  R.  Co.  v.  Mjelde  (Montana),  137  Pacific,  386,  p.  391,  December,  1913. 

BB8BRVATI0N8  OF  MINERAL  TAXABLE  AB  PROPERTY. 

A  reservation  in  a  deed  conveying  real  estate  to  the  effect  that  the 
grantor  reserves  all  minerals  of  whatsoever  kind,  together  with  the 
right  to  use  the  surface  to  explore  for  and  mine  and  remove  all  min- 
erals found,  is  not  under  the  constitution  of  Montana  taxable  as  a 
mine,  but  the  presumption  is,  in  the  absence  of  proof  that  such  a 
reservation  has  some  appreciable  value,  thoi^h  it  does  not  produce 
revenue,  and  such  a  reservation  constitutes  an  interest  in  real  estate 
and  is  taxable  as  such  imder  the  general  statute  providing  for  the 
taxation  of  all  property,  and  the  fact  that  the  value  of  such  property 
may  be  difficult  to  determine  can  not  operate  to  defeat  the  purpose 
of  taxation. 

Northern TlBC.  R.  Co.  v.  Mjelde  (Montana),  137  Pacific,  386,  p.  391,  December,  19ia. 

A88E8SMENT — OROB8  PROCEEDS. 

Under  a  statute  authorizing  mining  property  to  be  assessed  at  a 
sum  equal  to  one-fourth  of  the  gross  proceeds  unless  the  net  proceeds 
shall  exceed  them  in  value,  the  gross  proceeds  of  a  mine  can  not  be 
construed  to  mean  the  gross  value  of  the  ores  disposed  of,  and  the 
assessor  must  determine  the  sum  received  by  the  mine  operator  for 
his  ore  by  deducting  from  its  gross  value  all  expenses  mentioned  in 
the  statute  except  the  cost  of  extracting  it  from  the  mine;  and  the 
statute  means  to  give  to  the  terms  '^ gross  value"  and  ''gross  and 
net  proceeds"  the  distinctive  meanings  which,  as  usually  employed, 
they  convey. 

Paxson  V.  Greason  ConBolidated  Gold  Min.,  etc.,  Co.  (Colorado),  139  Pacific,  531, 
p.  532,  March,  1914. 

The  statute  of  Colorado  (sees.  6619-5620)  requires  the  operator 
of  a  producing  mine  to  make  out  and  deliver  to  the  coimty  assessor  a 
statement  showing  the  name  of  the  mine,  the  name  of  the  owner,  the 
number  of  acres,  the  number  of  tons  of  ore  extracted  during  the  pre- 
ceding year,  the  gross  value  of  the  ore  extracted,  the  annual  cost  of 
extracting  the  same,  not  including  salaries  of  officers  or  agents  not 
actively  engaged  in  mining,  the  actual  cost  of  transportation  to  place 
of  reduction  or  sale,  and  the  net  proceeds  after  deducting  all  such 
expenses;  and  the  assessor  shall  for  the  purpose  of  assessment  for 
taxes  value  such  mine  at  a  sum  equal  to  one-fourth  of  the  gross  pro- 
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ceeds  for  the  preceding  year,  and  this  statute  requires  the  assessor 
from  the  statement  furnished  to  ascertain  the  gross  and  net  proceeds, 
but  he  is  not  required  to  value  the  mine  at  one-fourth  of  the  gross 
value  of  the  ore  shown  by  the  statement,  but  he  is  to  ascertain  the 
gross  proceeds  of  the  mine  and  value  it  at  one-fourth  of  that  amount, 
unless  the  net  proceeds  exceed  that  sum,  as  the  legislature  evidently 
intended  that  the  ''gross  value"  of  ore  extracted  from  a  mine  and 
the  ''gross  proceeds"  of  such  mine  had  different  meanmgs. 

Paxson  t;.  CrassoB  Gooaolidated  Gold  Min.,  etc.,  Go.  (Colorado),  139  Flaeific,  631, 
p.  532,  March,  1914. 

TAXATION   OF  MININO  CLADfS — ^mVAUD  INCREABS. 

Where  65  separate  mining  claims  containing  a  total  area  of  636 
acres  were  returned  and  assessed  as  one  parcel  by  the  proper  assess- 
ing officer,  the  coimty  board  of  supervisors,  sitting  as  a  board  of 
equalization,  has  no  power  under  the  statute  of  Arizona  (R.  S.  1887, 
par.  2654)  to  segregate  from  this  area  eight  separate  mining  claims 
and  impose  on  these  an  additional  assessment,  without  first  deter- 
mining that  such  tract  was  improperly  assessed  as  a  whole  and  caus- 
ing it  to  be  assessed  and  raised  in  subdivisions  in  such  manner  as  bo 
preserve  the  right  of  the  taxpayer  to  dischai^e  the  Uen  of  taxes  upon 
any  one  of  the  several  tracts;  and  such  increased  assessment  must 
not  be  arbitrary  but  must  be  based  upon  evidence  as  to  value;  and 
in  case  the  assessment  of  any  given  tract  is  increased  the  increased 
amoimt  must  be  set  opposite  such  tract  together  with  a  statement 
of  the  original  valuation. 

Arizona  t;.  Copper  Queen  Min.  Co.,  233  U.  S.,  87,  p.  92,  April,  1914. 

SEVERANCE  OF  SURFACE  AND  MINERALS — ^IMPROPER  ASSESSMENTS. 

The  owner  of  lands  containing  coal  that  was  assessed  in  1903  for 
taxation  for  its  full  cash  value  and  on  the  same  basis  as  other  lauds 
of  the  same  nature  and  fertility  in  the  same  neighborhood  were 
assessed  may  recover  taxes  for  1904  and  1905  paid  under  protest 
where  it  appears  that  the  auditor  of  the  county,  without  authority 
or  right,  placed  upon  the  tax  duplicate  an  assessment  for  the  years 
1904  and  1905  against  such  lands  an  amount  lai^ely  in  excess  of  the 
original  valuation  and  assessment,  which  increased  valuation  and 
assessment  was  on  the  alleged  ground  that  the  owner  had  sold  and 
conveyed  a  separate  estate  in  the  coal  underneath  such  land,  as  the 
auditor  had  no  authority  to  make  such  increased  valuation,  but  in 
case  of  a  sale  of  a  part  or  severance  he  can  only  apportion  values 
already  fixed. 

Riggs  V.  Board  of  CommiflsioneiB,  Sullivan  Co.  (Indiana),  103  Northeastern,  1075, 
January,  1914. 
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MINERAL  INTERE8T8  TAXABLE. 

Where  mineral  interests  in  real  estate  have  been  separated  from 
the  surface  and  are  separately  owned  such  mineral  interests  are  land 
and  taxable  as  such,  especially  so  under  the  statute  of  Mmnesota  (G.  S. 
1913,  sec.  1973),  which  provides  whenever  any  mineral,  gas,  coal, 
oil,  or  other  mineral  interests  are  owned  separately  from  the  surface 
such  mineral,  gas,  coal,  or  oil  may  be  assessed  and  taxed  separately 
from  the  surface  rights  and  may  be  sold  for  taxes  in  the  same  manner 
as  other  interests  are  sold  for  taxes. 

WaahbuTQ  v.  Gregory  Co.  (Minneiiota),  147  Northweetem,  706,  p.  707,  May,  1914. 

TAX  CBBTIFICATE— MINERAL  INTERESTS. 

A  tax  certificate  based  upon  tax  proceedings  in  which  the  property 
is  described  by  its  Government  description  without  any  reference  to 
mineral  interests  owned  separately  from  the  surface  does  not  cover 
or  include  such  mineral  interests. 

Waahbum  v.  Gregory  Co.  (Minneeota),  147  Northwestern,  706,  p.  707,  May,  1914. 

TRESPASS. 
MININO  COAL  UNDER  INVALID  LEASE — LIABILmr. 

In  an  action  against  an  assignee  of  a  lessee  under  a  999-year  lease 
of  coal  lands  who  beheved  the  lease  conveyed  the  coal  in  place,  but 
where  it  was  legally  determined  that  the  lease  conveyed  the  surface 
only,  the  measure  of  damages  for  mining  and  converting  the  coal 
is  the  fair  market  value  of  the  coal  in  place,  if  there  is  a  market  price 
for  the  coal  in  place  in  the  pit  or  mine;  but  in  the  absence  of  evidence 
to  fix  the  value  of  coal  in  place,  then  the  value  at  the  pit's  mouth 
may  be  determined  by  deducting  all  the  cost  of  bringing  the  coal  to 
the  pit's  mouth;  and  in  the  absence  of  evidence  showing  the  value 
either  in  place  or  at  the  pit's  mouth  then  its  value  at  a  distant  market 
may  be  determined  by  deducting  from  the  value  at  such  market 
the  cost  of  taking  the  coal  to  the  market;  but  the  true  rule  is  the  value 
of  the  coal  in  place,  and  the  alternative  methods  of  measuring  the 
damages  are  exceptions  to  the  rule. 

Trustees,  etc.,  Kingston  v,  Lehigh  Valley  Coal  Co.  (Pennsylvania),  88  Atlantic^ 
763,  p.  766,  June,  1913. 
Stark  V.  Pennsylvania  Coal  Co.  (Pennsylvania),  88  Atlantic,  770,  June,  1913. 

MININO  COAL  I7NDER  SUPPOSEDLY  VALID  LEA8B — ^VALUB  OF  GOAL  IN  PLACE. 

In  an  action  against  a  lessee  operating  xmder  a  supposedly  valid 
lease  for  wrongful  mining  of  coal  the  measure  of  damages  is  the 
market  value  of  coal  in  place,  and  in  such  a  case  it  is  proper  to  allow 
a  recovery  on  the  basis  of  royalty  value  where  the  mine  is  so  located 
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with  reference  to  a  market  that  it  has  a  market  value  for  operating 
purposes  at  a  price  per  ton,  or  on  a  royalty  basis,  and  this  value 
must  be  ascertained  as  of  the  time  when  the  trespass  was  committed 
and  must  be  the  actual  market  value  of  the  coal  in  place  at  that  time 
and  not  the  prospective  value  in  the  future  when  conditions  may  be 
changed  and  the  value  of  coal  increased. 

Tnutees,  etc.,  Kingston  v.  Lehigh  Valley  Coal  Co.  (Pennsylvania),  88  Atlantic, 
763,  p.  767,  June,  1913. 
Stark  V.  Pennsylvania  Coal  Co.  (Pennsylvania),  88  Atlantic,  770,  June,  1913. 

CONVBRSION   OP  COAL — PROOF  OP  TITLE. 

An  action  of  trover  for  the  wrongful  mining  and  conversion  of 
coal  may  be  maintained  by  a  plaintiff  either  in  the  actual  or  con- 
structive possession  of  the  land,  and  in  such  an  action  legal  title  may 
be  proved  in  order  to  show  constructive  possession  essential  to  the 
maintenance  of  the  action ;  but  such  proof  can  not  be  made  and  trover 
can  not  be  maintained  where  the  evidence  shows  that  the  defendant 
was  in  the  adverse  possession  of  the  land. 

Pearce  v.  Aldrich  Min.  Co.  (Alabama),  64  Southern,  321,  p.  322,  February,  1914. 

UABILITY — ^JOINT  WRONGDOER. 

A  railroad  company  appropriating  land  for  a  right  of  way  over  and 
across  lands  within  and  imder  which  is  located  a  mine  is  liable  for 
trespass  where  it  authorized  a  contractor  constructing  its  roadbed 
to  go  upon  the  land  of  the  mine  owner  outside  of  its  right  of  way 
and  cut  down  the  land  to  a  point  within  4  feet  of  the  top  of  the  mine,  and 
where  the  contractor  in  the  process  of  cutting  down  the  land  blasted 
into  and  injured  the  mine,  and  the  fact  of  the  contractor's  wrong 
by  blasting  into  the  mine  does  not  relieve  the  railroad  company,  as 
its  liabihty  arises  on  the  theory  that  he  who  counsels,  advises,  abets, 
or  assists  another  to  commit  a  tort  or  joins  in  its  commission  is 
responsible  for  all  the  injury  done,  whether  specifically  authorized 
or  not,  and  can  not  excuse  himself  from  liabihty  because  the  par- 
ticular injury  complained  of  was  occasioned  by  a  contractor  in  con- 
nection with  the  wrongful  acts  authorized. 

Cincinnati,  etc.,  R.  Co.  v.  Simpson  (Indiana),  104  Northeastern,  301,  p.  306,  Feb- 
ruary, 1914, 

LIABILITY  FOR   PRODUCING   GA8   AFTER   EXPIRATION   OF  LEASE. 

An  action  for  damages  for  trespass  by  a  lessor  against  the  lessee 
under  a  lease  of  lands  for  gas  and  oil,  for  damages  for  trespass  after 
a  well  had  been  drilled  and  after  the  expiration  of  the  lease,  and  after 
the  lease  has  been  judicially  annulled,  can  not  be  r^arded  as  a  suit  for 
damages  to  the  land  for  the  reason  that  the  well  is  an  advantage,  but 
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it  must  be  construed  as  a  suit  for  so  much  gas  that  plaintiff  alleges 
the  defendant  took  from  the  land;  but  until  the  gas  was  produced 
the  plaintiff  had  the  exclusive  right  to  reduce  the  gas  below  the 
surface  of  the  land  to  possession  and  to  become  the  owner  thereof, 
and  that  right  was  leased  to  the  defendant,  and  if  because  of  a  wrong 
interpretation  of  the  lease  the  defendant  produced  gas  from  plain- 
tiff's land  and  converted  it  to  his  own  use,  he  may  be  held  for  the 
value  of  such  gas,  and  the  damages  can  not  be  limited  to  the  lease 
price  of  a  paying  well,  where  there  was  no  such  paying  well  during  the 
life  of  the  lease;  and  the  lease  in  such  case  can  not  be  the  law  between 
the  parties ;  and  accordingly  the  plaintiff  is  entitled  to  recover  damages 
from  the  defendant  for  the  usurpation  of  and  abuse  by  him  of  the 
exclusive  right  of  drilling,  which  right  was  the  property  of  the  plain* 
tiff,  the  owner  of  the  soil,  and  of  appropriating  the  gas  produced  by 
him  from  the  soil  of  the  plaintiff,  and  the  value  of  such  gas  at  the 
well  is  the  measure  of  dalnages  for  which  the  defendant  must  be 
held  liable,  and  the  real  value  of  the  gas  used  by  plaintiff  is  its  value  in 
place,  but  as  the  plaintiff  was  not  the  owner  of  the  gas  at  that  time 
and  where  the  expense  o^  drilling  the  well  and  the  cost  of  its  equip- 
m^it  constituted  the  cost  of  the  production  of  the  gas,  and  such  cost 
exceeds  the  highest  possible  estimate  of  the  value  of  the  gas  at  the 
mouth  of  the  well,  the  defendant  would  owe  the  plaintiff  nothing 
whatever  by  reason  of  the  allied  trespass^  and  the  defendant  can 
not  be  held  for  exemplary  damages  where  it  appears  that  he  acted 
in  good  faith  and  imder  the  advice  of  competent  counsel  before  the 
commencement  of  the  action. 

Cooke  V.  Gulf  Refining  Co.  (135  Ix)uiBiana),  65  Southern,  758,  p.  760,  May,  1914. 

POLLUTION    OF  WATERS. 

In  an  action  by  a  lower  riparian  owner  against  a  mining  company 
for  damages  on  the  allied  ground  that  the  coal  company  was  main- 
taining a  mining  camp  and  operating  a  coal  washery  upon  its  supe- 
rior estate  and  depositing  the  coal  washings  and  other  debris  in 
the  stream,  which  were  thereupon  carried  down  upon  plaintiff's 
land,  rendering  the  water  unfit  for  use,  the  plaintiff  can  not  recover 
damages  for  slight  inconvenience  from  the  mere  discoloration  of 
the  water,  or  the  deposit  of  coal  or  other  debris  therein,  nor  can  he 
recover  damages  on  the  allied  ground  that  the  water  was  unfit 
for  any  use  where  the  evidence  does  not  tend  to  show  that  the  plain- 
tiff had  in  fact  been  deprived  of  the  use  of  the  water  for  domestic 
purposes  or  for  the  use  of  his  Uve  stock  during  the  12-month  period 
immediately  before  the  commencement  of  the  suit. 

ParaonB  v.  Tennessee  Coal,  Iron  &  K.  Co.  (Alabama),  64  Southern,  591,  February, 
1914. 

G3C32'— Bull.  90—15 12 
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MEASURE   OP  DAMAGES. 


In  au  action  by  a  landowner  against  a  mining  company  for  damages 
for  wrongfully  depositing  tailings  on  his  land,  the  measure  of  damages 
is  the  difference  in  the  value  of  the  land  with  and  without  the  value 
of  the  tailings  thereon. 

Robinson  v.  Moark  Nemo  Consol.  Min.  Co.  (Missouri  Appeals),  163  Southwestern, 
885,  p.  886,  February,  1914. 

MmOATION   OF  DAMAGES. 

In  an  action  against  a  mining  corporation  for  trespass  for  wrong- 
fully depositing  tailings  from  its  miUs  upon  the  land  of  the  complain- 
ant the  mining  company  may  show  in  mitigation  of  damages  that  it 
had  abandoned  the  tailings  and  that  the  tailings  themselves  were  of 
some  value  because  of  the  ore  contained  therein  and  that  there  was 
a  market  value  for  such  tailings,  that  contractors  would  purchase 
and  remove  them  from  the  land,  and  that  the  value  of  such  tailings 
was  fuUy  or  at  least  partially  equal  to  the  damages  to  the  land. 

Kobinson  v.  Moark  Nemo  Consol.  Min.  Co.  (Missouri  Appeals),  163  Southwestern, 
885,  p.  886,  February,  1914. 

TITLE. 

QUIETING  TITLE  TO   MINING   MACHINERY. 

Under  an  option  contract  a  grantee  acquired  possession  of  a  mining 
claim  with  the  privilege  of  operating  the  mine  during  the  life  of  the 
option,  and  under  an  agreement  to  place  upon  the  mine  machinery 
and  improvements  sufficient  to  operate  the  same  bound  itself  not 
to  dispose  of  such  machinery  or  remove  the  same  from  the  mine 
without  the  written  consent  of  the  grantor,  and  if  payment  was  not 
made  according  to  the  option  the  mining  machinery  should  become 
the  property  of  the  vendor  as  liquidated  damages,  the  grantor  may, 
on  failure  of  the  purchaser  to  make  the  payment  as  provided,  main- 
tain an  action  to  quiet  his  title  to  such  mining  machinery  as  against 
persons  claiming  such  machinery  under  a  chattel  mortgage  or  con- 
ditional sale  where  it  was  shown  that  the  machinery  was  firmly  fixed 
to  the  premises  so  as  to  become  a  part  of  the  realty  and  where  the 
purpose  of  placing  the  machinery  was  to  use  it  in  operating  the  mine. 

Arizona  Mine  Supply  Co.  v.  Bloman  (Arizona),  140  Pacific,  490,  p.  491,  May,  1914. 

CONTRACTS   OF   SALE. 
SALE  OF  PHOSPHATE— CONSTRUCnON   OP  CONTRACT. 

A  phosphate  mining  company  entered  into  a  contract  with  a  ferti- 
lizer manufactory  by  which  the  former  agreed  to  sell  and  the  latter 
to  purchase  2,000  tons  of  phosphate  rock  at  a  stipiQated  price  per 
ton  to  be  shipped  by  the  seller  at  the  rate  of  200  tons  per  week,  unless 
hindered  or  delayed  by  either  a  shortage  of  cars  or  the  weather,  and 
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in  the  construction  of  this  contract  it  is  to  be  presiuned  that  the 
parties  were  fully  aware  of  the  fact  that  there  might  be  more  or  less 
delay  in  making  shipments  due  to  the  causes  stated,  and  accordingly 
it  was  natural  that  the  seller  should  take  the  precaution  to  insert  the 
proviso  that  shipments  should  be  made  as  agreed  upon  unless  pre- 
vented by  the  failure  of  the  railroad  company  to  furnish  cars,  and 
as  the  purchaser  acquiesced  in  this  condition  it  must  be  concluded 
that  it  was  the  intention  of  the  parties  that  if  the  seller  was  not  de- 
layed on  account  of  car  shortage  the  shipments  should  be  made 
continuously  until  the  entire  amount  was  shipped;  but  if  there  should 
be  any  delay  caused  by  car  shortage  or  bad  weather  the  seller  would 
be  entitled  to  deliver  the  rock  within  a  reasonable  length  of  time 
after  the  car  service  had  assumed  its  normal  condition;  and  this 
proviso  as  to  the  shipment  must  have  been  intended  to  relate  to  the 
time  of  delivery  and  can  not  be  construed  to  relate  to  the  life  of  the 
contract. 

Jackson  Phosphate  Co.  r.  Caraleigh  Phosphate  &  Fertilizer  Works,  213  Fed.,  743, 
p.  745,  February,  1914. 

CONTRACT  FOB  SALE   OP  COAL  CARS— C'ONSTRUCTION   AND  EFFECT. 

An  agreement  between  an  equipment  company  and  a  coal  company 
for  the  sale  of  a  stated  number  of  secondhand  coal  cars  at  a  stipulated 
price  per  car  recited  that  the  agreement  was  merely  tentative  and  the 
cars  are  to  be  placed  upon  a  trust  subject  to  a  car  trust  agreement, 
and  though  tentative  can  not  be  set  aside  by  a  subsequent  detailed 
agreement  substituting  a  different  vendor  of  the  cars  and  not  con- 
forming to  the  character  of  the  car  trust  and  omitting  the  provision 
as  to  sale  through  a  trustee;  and  the  seller,  by  thus  presenting  a 
proposed  different  contract,  must  be  regarded  as  having  abandoned 
the  contract  as  contained  in  the  tentative  agreement;  and  the  fact 
that  the  corporation  owning  the  secondhand  cars  from  which  they 
were  proposed  to  be  purchased  would  not  part  with  the  cars  upon 
any  other  terms  than  those  expressed  in  the  new  agreement  does  not 
alter  the  fact  that  the  contract  was  substantially  different  and  the 
proposed  purchaser  was  not  bound  to  execute  it. 

CiBciimati  Equipment  Co.  v.  Big  Muddy  River  Consol.  Coal  Co.  (Kentucky),  164 
Southwestern,  794,  p.  795,  March,  1914. 

STATUTORY   LIENS. 
ASSIGNMENT — RIGHTS   OF  ASSIGNEE. 

The  owner  and  holder  of  a  lien  for  wages  against  a  mining  company 
may  sell  and  assign  the  same  after  it  has  been  placed  in  the  hands  of 
an  attorney  for  suit  and  judgment  taken,  and  the  assignee  may  on 
demand  and  notice  enforce  the  same  against  the  attorney  of  the 
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assignor,  and  a  complaint  in  a  justice's  court  alleging  such  facts  is 
sufficient,  and  the  attorney  can  not  escape  liability  on  the  ground 
that  he  had  paid  the  residue  of  the  claim  into  the  estate  of  the  deceased 
assignor. 

State  V.  Ijmgan  (Nevada),  137  Pacific,  517,  January,  1914. 

MINERS*   UEN — EXTENT. 

The  statute  of  Nevada  (sec.  2213  R.  L.)  gives  all  miners,  laborers, 
and  others  who  work  or  labor  in  the  amount  of  $5  or  more  in  or  about 
any  mine  designed  or  used  for  the  piupose  of  prospecting,  draining, 
or  working  such  mine,  and  all  persons  furnishing  material  to  the  value 
of  $5  or  more  to  be  used  in  or  about  a  mine,  whether  done  or  furnished 
at  the  instance  of  the  owner  of  such  mine  or  his  agent,  a  lien  upon 
such  mine  for  the  amount  and  value  of  the  work  performed  or  ma- 
terial furnished;  and  under  this  statute  a  person  performing  labor  or 
furnishing  material  for  the  development  of  mining  property  or  for 
facilitating  the  extraction  of  ore  from  a  mine  is  entitled  to  the  lien 
given  by  this  statute  although  the  labor  performed  or  the  material 
furnished  was  at  the  instance  of  and  for  the  benefit  of  a  lessee  of  the 
mining  property,  operating  under  a  lease  to  develop  the  mine,  as  in 
such  case  the  lessee  is  regarded  as  the  agent  of  the  lessor. 

Lamb  v.  Goldfield  Lucky  BoysMin.  Co.  (Nevada),  138  Pacific,  902,  p.  903,  February, 
1914. 

THEORY  OF  MINERS'   UEN. 

The  general  theory  upon  which  the  labor  or  mechanics'  liens  is 
based  ia  that  they  are  remedial  and  intend  to  aid  the  laborer  who  gives 
his  services  or  the  material  man  who  furnishes  his  material  a  security 
for  the  value  of  such  services  or  material,  on  the  principle  that  the 
labor  performed  or  the  material  furnished  has  enhanced  the  value  of 
the  property  and  the  equitable  right  is  given  the  laborer  to  pursue 
the  result  of  his  toil  and  to  the  material  man  to  follow  his  material 
into  the  structure  of  which  it  became  a  part;  and  it  is  not  just  that 
the  owner  of  the  property  should  acquire  the  benefits  of  the  labor  or 
the  improvements  accruing  from  the  material  without  compensat- 
ing the  person  furnishing  such  labor  or  material;  and  this  rule  applies 
strictly  to  miners  and  mining  property,  though  the  work  may  be  done 
for  or  the  material  furnished  to  the  lessee  of  the  mine,  if  the  work 
done  or  material  furnished  is  done  or  furnished  for  the  improvement 
of  the  property. 

Lamb  v.  Goldfield  Luck>'  Bovb  Min.  Co.  (Nevada),  138  Pacific,  902,  p.  903,  February, 
1914. 

ENFORCEMENT  OF  LIEN   AGAINST  LESSOR  OF  MINE. 

By  the  provision  of  tlie  statute  of  Nevada  the  right  of  a  lien  is 
granted  to  persons  furnishing  timber  or  other  materials  to  be  used 
in  or  about  any  mine  and  also  to  laborers  and  others  who  work  or 
labor  in  or  upon  any  mine,  shaft,  tunnel,  adit,  or  other  excavation 
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designed  for  the  purpose  of  prospecting,  drainii^,  or  working  in 
such  mine,  and  this  right  to  a  lien  is  given  whether  the  work  is  done 
or  the  material  is  furnished  at  the  instance  of  the  owner  of  the  prop- 
erty or  of  his  i^ent;  and  the  statute  further  provides  that  every  con- 
tractor, subcontractor,  architect,  builder,  or  other  person  in  charge 
or  control  of  any  mining  claim  or  any  part  thereof  shall  be  held  to 
be  the  f^ent  of  the  owner  for  the  purpose  of  the  application  of  the  law; 
and  a  lease  given  by  the  owner  of  the  mining  property  to  another  with 
the  sole  object  and  view  of  prospecting  the  property,  or  of  improving 
the  property  in  the  way  of  determinrog  the  existence  of  ore  bodies 
therein,  or  for  the  extraction  of  ores  without  any  provision  for  the 
lessee  to  acquire  benefit  from  the  ore  extraction,  makes  such  lessee  a  con- 
tractor working  on  the  property  in  the  interest  of  the  lessor  and  must 
be  held  to  be  the  agent  of  the  owner  under  the  provisions  of  the  statute ; 
but  if  by  the  provisions  of  the  lease  under  which  the  lessee  operates 
the  property  the  lessor  was  to  derive  a  stipulated  benefit  from  the  ore 
extraction  by  the  lessee  or  some  share  in  the  net  profits  derived  from 
the  property,  then  the  lease  must  be  regarded  as  a  contract  between 
the  parties,  the  lessee  to  do  the  mining  work  and  both  the  lessee  and 
lessor  to  share  in  the  proceeds  and  benefit  of  the  work,  and  in  either 
case  the  lessor  is  the  beneficiary  of  the  labor  performed  in  the  property 
and  all  the  material  furnished  therein,  and  it  is  the  obvious  intent 
and  the  manifest  spirit  of  the  statute  to  allow  a  lien  for  mining  work 
done  upon  a  mine  against  the  estate  or  interest  therein  of  the  person 
who  is  to  be  benefited  thereby. 

Lamb  v.  Goldfield  Lucky  Boys  Min.  Co.  (Nevada),  138  Pacific,  902,  p.  905,  February, 
1914. 

Note. — ^The  Supreme  Ooiut  of  Colorado  and  the  Supreme  Court  of  Arizona  alike 
have  held  that  the  miner  is  not  entitled  ordinarilv  to  a  lien  on  the  mining  property 
for  services  rendered  or  material  furnished  where  the  property  is  operated  by  a  lessee. 

Eevnolds  v.  Norman  (Colorado),  141  Pacific,  466,  p.  467,  June,  1914. 

Milwaukee  Gold  Min.  Co.  v.  Tompkins-Cristy  Hardware  Co.  (Colorado),  141  Flkcific, 
527,  p.  629,  June,  1914. 

See  WiUdns  v.  AbeU,  26  Colo.,  462,  58  Pacific,  612. 

See  Griffin  v.  Hurley,  7  Ariz.,  399;  65  Pacific,  147. 

UEN  FOR  LABOR  PBRFORMED  FOR  LESSEE — ^KNOWLEDGE  OF  LESSOR. 

In  an  action  by  a  laborer  to  foreclose  a  lien  upon  mining  property 

where  the  complaint  alleged  that  the  services  were  performed  at  the 

instance  of  and  for  the  lessee  of  a  mine  acting  under  a  lease  executed 

for  the  purpose  of  developing  and  improving  and  extracting  ore  from 

the  property,  it  must  be  presumed  that  the  lessor  had  notice  and 

knowledge  that  such  services  were  being  performed  and  that  laborers 

were  being  employed  and  materials  furnished  in  furtherance  of  the 

development  and  improvement  of  the  property  under  the  terms  of  the 

lease. 

Lamb  v.  Goldfield  Lucky  Boys  Min.  Co.  (Nevada),  138  Pacific,  902,  p.  904,  February, 
1914. 
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LIEN   ON   LEASED   MINE — LIABILITY   OF  LESSOR. 

The  owner  of  a  mine  who  leased  it  to  a  third  person  for  operation 
is  ordinarily  not  liable  to  a  laborer  employed  by  the  lessee  or  to  a 
material  man  furnishing  material  to  such  lessee;  but  if  the  lessor 
knows  or  has  reason  to  believe  that  persons  performing  labor  or 
furnishing  materials  were  relying  on  him  for  pay  therefor  and  he 
remains  silent,  or  if  he  encour^ed  the  doing  of  the  work  or  the  furn- 
ishing of  the  materials,  he  then  becomes  liable  on  an  implied  contract. 

Reynolds  v.  Norman  (Colorado),  141  Pacific,  468,  June,  1914. 

PROOF  TO  OBTAIN   BENEFFTS   OP  STATUTE. 

The  provisions  of  the  Colorado  statute  (sec.  4028  R.  S.,  Id08^  and 
sec.  4583  Mills's  A.  S.  1912)  applyiog  to  hens  on  mining  property  are 
governed  by  the  same  rules  that  apply  to  liens  upon  other  property, 
and  it  is  necessary  for  a  party  invoking  the  benefits  of  the  statute  to 
prove  that  at  the  time  the  material  was  furnished  there  was  a  mutual 
understanding  between  the  material  man  and  the  contractor  that  the 
material  was  furnished  to  be  used  in  the  construction  of  a  particular 
buildiDg  or  the  improvement  of  a  certain  property,  or  that  there  was 
such  understanding  upon  the  part  of  the  material  man. 

Milwaukee  Gold  Min.  Go.  v.  Tompkins-Cristy  Hardware  Co.  (Colorado),  141  Pacific, 
527,  p.  529,  June,  1914. 

LIENS  ON   LEASED   MINE — ^IMPLIED   CONSENT  OF  OWNER. 

Section  4584  of  Mills's  Annotated  Statutes  of  Colorado  provides 
that  improvements  made  upon  land  with  the  knowledge  of  the 
owner  shall  be  held  to  have  been  made  at  his  instance  and  request, 
to  the  extent  that  the  land  shall  be  subject  to  a  lien  for  such  im- 
provements, unless  the  owner  shall,  within  five  days  after  he  shall 
obtain  notice  of  the  same,  give  notice  that  his  interest  shall  not  be 
subject  to  a  lien  for  the  same ;  and  a  material  man  seeking  to  enforce 
his  claim  i^ainst  a  mine  operated  by  a  lessee  under  a  lease  with  the 
owner  must  aver  and  prove  that  the  owner  had  knowledge  or  notice 
of  the  making  of  the  improvements,  or  that  the  materials  furnished 
were  used  in  iJbe  construction  or  repair  or  improvement  of  his  property, 
and  it  must  always  be  shown  that  the  materials  were  furnished  to  be 
used  in  the  building  or  improvement  upon  the  property  sought  to  be 
charged  with  the  lien,  and  with  the  knowledge  or  understanding  tliat 
they  were  to  be  so  used,  and  credit  thereby  given  to  the  property 
into  which  they  were  wrought  or  incorporated,  as  well  as  to  the 
purchaser. 

Milwaukee  Gold  Min.  Co.  v.  Tompkins-Cristy  Hardware  Co.  (Colorado),  141  Pacific, 
527,  p.  530,  June,  1914. 
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8TATUTOBY  UEN  FOR  LABOR. 

The  object  of  the  lawgiving  miners  a  lien  on  mining  property  is  to 
secure  payment  for  those  who  perform  labor  upon  any  miaing  property 
or  who  perform  labor  upon  or  furnish  material  in  the  construction  of 
any  building  or  structure  in  connection  with  a  mine  or  mining 
operations,  and  a  construction  or  application  of  the  statute  should  be 
avoided  which  sacrifices  substance  to  a  mere  matter  of  form,  and 
while  there  must  be  a  substantial  compliance  with  the  essential 
requisites  of  the  statute  the  pleadings  and  notices  required  hj  the 
law  should  be  liberally  construed  in  order  that  justice  may  be  pro« 
moted  and  the  desired  object  may  be  effected. 

Feiro  V,  Bardo  Mining  &  MiUing  Co.  (Nevada),  140  Pacific,  527,  p.  528,  April,  1914. 

JOINDER  OF  LIEN  FOR  DAY  AND  CONTRACT  WORK — ENFORCBMBNT. 

Where  a  miner  performs  labor  by  the  day  and  where  he  also  runs 
tunnels  or  crosscuts  or  sinks  winzes,  working  at  times  under  a  special 
contract  at  a  stipulated  price  per  foot,  the  statute  gives  him  a  lien 
on  the  mining  property  for  such  services,  but  it  does  not  require  him 
to  file  separate  liens  for  the  work  done  by  the  day  and  for  the  work 
done  under  a  contract,  and  in  the  filing  and  the  enforcement  of  such  a 
lien  he  may  properly  join  the  work  done  by  the  day  and  the  work  done 
under  contracts  and  treat  the  emplojrment  as  one  continuous  trans- 
action; and  the  courts  will  treat  the  employment  as  one  continuous 
transaction  for  the  purpose  of  ascertaining  the  time  within  which  the 
liens  should  be  filed,  and  the  statute  of  Nevada  does  nor  prohibit  the 
joining  in  one  lien  claim  of  rights  of  lien  as  an  original  contractor  and 
for  labor  as  an  employee  where  the  same  person  has  both  such  rights 
or  liens  and  where  the  character  of  the  work  performed  was  the  same 
and  the  work  was  continuous. 

Ferro  v.  Bargo  Miniiig  A  MiUing  Go.  (Nevada),  140  Pacific,  527,  p.  528,  April,  1914. 

DAMAGES  FOR  INJURIES  TO  MINERS. 

Elements  of  Damages. 
Damages  Excessive. 
Damages  not  Excessive. 

elements  of  damages. 

PRESENT  WORTH  OP  EARNINGS. 

In  an  action  by  a  father  to  recover  damages  caused  by  the  death 
of  a  minor  son  the  plamtiff  is  entitled  to  recover  the  present  worth 
of  the  probable  earnings  of  the  deceased  up  to  the  time  he  would 
have  become  of  i^e  less  the  probable  cost  of  clothiog  and  mainte* 
nance. 

Carnego  v.  Crescent  Coal  Co.  (Iowa),  146  Northwestern,  38,  p.  42,  March,  1914. 
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MENTAL  ANGUISH. 

To  sustain  a  finding  and  judgment  involving  damages  for  mental 
anguish  it  is  not  necessary  that  direct  evidence  of  such  anguish  should 
be  produced,  but  damages  for  mental  suffering  may  be  recovered 
for  injuries  where  such  mental  suffering  is  an  element  of  the  physical 
pain,  or  is  a  necessary  consequence  of  the  physical  pain,  or  is  the 
natural  or  proximate  result  of  the  physical  injury,  and  such  suffer- 
ing may  be  inferred  as  a  result  from  physical  pain,  and  neither  courts 
nor  juries  can  draw  a  definite  or  exact  line  between  physical  pain  and 
mental  suffering. 

Baisdrenghien  v.  MisBOuri,  etc.,  R.  Co.  (Kansaa),  139  Pacific,  428.  p.  429. 

MEA.8URE — LOSS  TO   WIDOW. 

Under  the  statutes  of  Oklahoma  a  surviving  wife  may  maintain 
an  action  for  damages  for  wrongful  death  of  her  husband  for  the  bene- 
fit of  herself  and  minor  children  in  the  absence  of  administration  on  his 
estate,  and  in  such  an  action  the  measure  of  damages  is  the  pecuniary 
loss  suffered  by  the  widowed  wife  and  children  by  reason  of  being 
deprived  of  the  care,  protection,  and  support  of  the  deceased,  to  be 
determined  by  the  age,  physical  condition,  occupation,  earning 
capacity,  habits,  and  the  use  made  by  the  deceased  of  his  earnings. 

Big  Jack  Min.  Co.  v.  ParJanson  (Oklahoma),  137  Pacific,  678,  p.681,  December,  1913. 

PROOF  OF  SUFFERING. 

In  an  action  by  an  injured  miner  for  damages  it  is  proper  for  wit- 
nesses who  visited  the  nuner  soon  after  his  injury  to  testify  that  judg- 
ing from  his  general  appearance  he  seemed  to  be  suffering. 

Kentucky  Midland  Coal  Co.  v.  Vincent  (Kentucky),  166  Southwestern,  800,  p.  801, 
May,  1914. 

COMPROMISE  PROCURED  BT  FRAUD — EFFECT. 

In  an  action  i^ainst  a  mine  operator  for  damages  for  injuries  to  a 
miner  caused  by  the  alleged  n^ligence  of  the  operator  a  compromise 
and  settlement  of  the  claim  procured  by  fraud  is  no  bar  to  the  prose- 
cution of  the  case  where  the  sum  paid  upon  the  alleged  fraudulent 
compromise  is  refunded  or  paid  into  court. 

Intentate  Coal  Co.  v.  Trivett  (Kentucky),  160  Southwestern,  728,  p.  730,  Novem- 
ber, 1913. 

Interstate  Coal  Co.  v.  Trivett  (Kentucky),  160  Southwestern,  731,  p.  732,  Novem- 
ber, 1913. 

New  Bell  Jellico  Coal  Co.  v.  Oxendine  (Kentucky),  160  Southwestern,  737,  p.  740, 
November,  1913. 

DAMAGES    EXCESSIVE. 

I.N  STANCES. 

A  verdict  for  $12,000  for  injuries  sustained  by  a  miner  must  be 
regarded  as  excessive  where  it  appears  that  the  miner  was  53  years 
of  age  and  had  been  a  coal  miner  for  nine  years  and  was  injured  while 
being  lowered  in  a  cage  and  by  reason  of  the  excessive  speed  and  the 
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negligent  failure  of  the  operator  to  furnish  the  pmper  safeguards  the 
miner  was  thrown  upon  the  bottom  of  the  shaft  with  such  violence 
as  to  break  his  leg,  split  his  knee,  and  injure  his  rib;  leaving  him  with 
a  permanently  disabled  leg,  a  permanent  injury  to  the  rib,  and  where 
it  appeared  that  he  was  earning  when  hurt  $100  per  month. 

Domineck  v.  Western  Coal  &  Min.  Co.  (Miasouri),  164  Southwestern,  567,  March, 
1914. 

DAMAGES   NOT   EXCESSIVE. 

INSTASCES. 

A  judgment  for  $2,000  in  favor  of  a  boy  under  16  years  of  f^e  em- 
ployed in  a  mine  is  not  excessive  where  the  evidence  shows  that  the 
ankle  and  foot  were  caught  between  the  cars  and  severely  injured; 
that  he  was  confined  to  his  bed  a  month;  that  he  went  on  crutches 
about  the  same  length  of  time,  and  after  he  disposed  of  the  crutches 
he  was  unable  to  wear  a  shoe  on  the  injured  foot,  and  that  for  two 
years  after  the  injury  the  foot  was  stiff  and  would  swell  from  walking 
and  would  remain  in  such  condition  for  three  or  four  days. 

Stearns  Coal  &  Lumber  Co.  v.  Tuggle  (Kentucky),  161  Southwestern,  1112,  p.  1113, 
January,  1914. 

A  judgment  in  favor  of  an  injured  miner  for  $18,000  can  not,  as  a 
matter  of  law,  be  regarded  as  excessive  where  the  records  show  that 
the  miner  was  29  years  old  at  the  time  of  the  accident  and  was  capa- 
ble of  earning  $4  a  day  and  his  board  and  lodging  and  where  the 
miner  had  been  crushed  and  badly  injured. 

Johansenv.  Pioneer  Min.  Co.  (Washington),  137  Pacific,  1019,  p.  1023,  January,  1914. 

In  an  action  for  the  death  of  a  miner  a  judgment  for  $8,000  can  not 
be  regarded  as  excessive  where  the  deceased  was  36  years  of  age,  a 
qualified  electrician  earning  $85  per  month,  and  had  an  expectancy 
of  over  31  years,  and  left  a  widow  and  five  children. 

Shirley  Coal  Co.  v,  Moore  (Indiana),  103  Northeastern,  802,  p.  804,  January,  1914. 

Where  a  miner  43  years  of  age,  healthy  and  able-bodied,  was  in- 
jured by  a  fall  of  rock  from  the  roof,  his  leg  being  broken  at  the  ankle 
so  that  the  bone  protruded  through  the  skin  and  the  ankle  was  badly 
crushed,  the  injury  difficult  to  treat  and  his  leg  kept  in  plaster  of 
Paris  for  three  months  and  the  evidence  of  the  attending  physician 
showed  that  the  limb  would  be  permanently  injured,  that  there  would 
always  be  an  enlargement  about  the  ankle,  stiffness  and  weakness 
at  the  joint;  where  he  had  been  engaged  in  mining  for  14  years  and 
earned  from  $50  to  $75  every  two  weeks,  a  judgment  of  $4,500  is 
not  excessive. 

Gambino  v.  Manufecturers'  Coal  A  Coke  Co.  (Missouri  Appeals),  164  Southwestern. 
264,  p.  270,  February,  1914. 
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A  verdict  for  $1,000  for  an  injury  to  a  miner  can  not  be  r^arded 
as  excessive  where  the  miner  was  severely  injured  by  a  fall  of  rock, 
was  on  crutches  for  two  months,  suffered  great  pain  in  various  parts 
of  his  body,  and,  though  later  was  able  to  work,  suffered  greatly 
with  pain  in  his  ankle  and  especially  so  when  attempting  to  walk 
after  resting,  and  where  it  is  doubtful  whether  he  will  ever  fully 
recover. 

Jellico  Coal  Min.  Co.  v.  Helton  (Kentucky),  163  Southwestern,  744,  p.  747,  Feb- 
ruary, 1914. 

A  verdict  of  $1,000  for  injuries  to  a  miner  is  not  excessive  where 
the  injury  was  caused  by  the  explosion  of  a  piunp  and  a  small  piece 
of  iron  struck  the  miner  just  over  the  eye,  where  it  was  sufficient  to 
knock  him  down  and  render  him  unconscious,  and  where  he  was  con- 
fined to  his  room  from  three  to  five  days  and  where  his  eyesight  is 
affected  and  he  is  unable  to  read  for  any  length  of  time  on  account 
of  the  injury,  and  where  there  is  some  evidence  to  show  that  his  mind 
was  affected  as  a  result  of  the  injury. 

steams  Coal  &  Lumber  Co.  v.  Tupjgle  (Kentucky),  164  Southwestern,  74,  p.  75, 
March,  1914. 

Under  a  statute  permitting  a  recovery  of  any  sum  not  exceeding 
$5,000  for  the  death  of  an  employee,  a  verdict  for  $3,500  precludes 
any  contention  of  passion,  prejudice,  or  \mdue  sympathy  on  the  part 
of  the  jury,  and  can  not  be  regarded  as  excessive  when  taken  in  con- 
nection with  the  age,  the  exemplary  habits,  the  earning  capacity, 
and  the  industry  of  a  deceased  miner,  all  of  which  were  shown  by 
the  evidence. 

National  Fuel  Co.  t;.  Maccia  (Colorado),  139  Pacific,  22,  p.  24,  March,  1914. 

A  judgment  for  $250  in  favor  of  a  miner  injured  by  a  vicious  mule, 
where  the  evidence  showed  as  a  result  of  the  alleged  injiuy  that  the 
miner  was  unconscious  when  removed  from  the  mine  and  his  injuries 
were  of  such  a  character  as  to  confine  him  for  two  weeks  or  more  to 
his  house  and  to  keep  him  from  work,  is  not  excessive. 

GatlifE  Coal  Co.  v.  Wright  (Kentucky),  163  Southwestern,  1110,  p.  1111,  March, 
1914. 

In  an  action  by  a  coal  miner  for  injuries  from  being  overcome  by- 
black  damp  in  the  mine,  a  judgment  for  $500  can  not  be  regarded  as 
unsupported  by  the  evidence  or  as  flagrantly  against  the  evidence 
where  the  plaintiff  testified  that  as  he  moved  along  in  the  mine  he 
was  overcome  by  the  noxious  gas  and  that  he  then  made  his  way 
along  the  entries  and  in  a  short  time  became  unconscious,  and  after 
he  came  to  he  dragged  himself  to  the  mine  entrance,  and  that  as  a 
result  he  was  weak  all  summer,  could  not  do  any  work  and  could 
hardly  walk,  where  the  report  of  the  mine  inspector  showed  that  the 
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air  was  not  in  good  condition,  though  the  plaintiff's  evidence  was 
not  supported  by  any  other  witness. 

lit.  MoigBD  Coal  €o.  V.  Shumate  (Kentucky),  163  Southwestern,  1099,  p.  1100, 
Maich,  1914. 

A  judgment  for  $3,000  for  injuries  to  a  miner  in  an  action  for 
personal  injuries  can  not  be  said  as  a  matter  of  law  to  be  excessive 
where  it  was  difficult  to  tell  whether  it  is  an  injury  from  which  the 
miner  will  recover  in  a  few  months  or  he  will  recover  the  full  use  of 
his  foot,  the  injured  part,  by  the  use  of  mechanical  appliances,  or 
whether  he  will  be  a  cripple  for  life. 

CroolcB  V.  Tazewell  Coal  Co.  (Illinois),  105  Northeastern,  132,  p.  135,  April,  1914. 

A  verdict  for  $1,000  can  not  be  regarded  as  excessive  for  a  miner 
whose  leg  was  broken  and  the  injured  leg  by  reason  of  the  breaking 
was  rendered  shorter  than  the  other. 

Big  Branch  Coal  Co.  v.  Sanders  (Kentucky),  166  Southwestern,  813,  p.  815,  May, 
1914. 

In  an  action  for  damages  for  injuries  by  a  boy  17  years  of  age 
who  was  employed  to  drive  a  coal  car  in  a  mine  a  verdict  for  $850  is 
not  excessive  where  it  appears  that  the  boy  was  in  bed  for  three  weeks 
as  a  result  of  the  injury,  that  he  slept  very  little  during  the  time,  and 
had  not  been  able  to  do  the  fidl  labor  of  a  man  since,  and  where  it 
appears  that  while  his  leg  was  not  broken  the  muscles  were  seriously 
and  permanently  injured,  and  that  at  the  time  of  the  trial  the  leg 
was  not  in  its  normal  condition. 

Kentucky  Midland  Coal  Co.  v.  Vincent  (Kentucky),  166  Southwestern,  800,  p.  801, 
May,  1914. 

QUARRY  OPERATIONS. 

CONTRIBUTORY   NEOLIOENCE — KNOWLEDGE   OP  DANGER. 

An  employee  in  a  quarry  is  chargeable  with  notice  of  what  is 
apparent,  but  not  necessarily  that  the  apparent  is  dangerous,  and 
can  be  barred  of  recovery  for  injuries  resulting  from  perils  arising 
during  the  course  of  his  employment  only  when  be  realizes  their  nature 
and  extent  with  fidl  comprehension  of  the  danger  and  continues  in 
the  service  with  such  added  exposure  voluntarily  and  intelligently; 
but  the  mere  fact  that  such  an  employee  knows  the  defects  does  not 
necessarily  chaise  him  with  contributory  negligence,  or  the  assump- 
tion of  risks  growing  out  of  such  defects,  but  the  question  is,  did  he 
know,  or  ought  he,  in  the  exercise  of  ordinary  common  sense  and 
prudence  to  have  known,  the  risks  to  which  the  conditions  of  the 
instrumentalities  exposed  him. 

Perreault  v.  Wisconsin  Granite  Co.  (South  Dakota),  144  Northwestern,  110,  p.  114, 
September,  1913. 
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ASSUMPTION   OF  RISK CONTRIBUTORY   NEGLIGENCE — KNOWLEDGE   OF 

DANGER. 

Where  the  evidence  shows  that  an  injury  to  an  employee  in  a  quarry 
was  caused  by  a  danger  which  ought  not  to  have  attended  bis  employ- 
ment and  would  not  have  attended  it  had  the  operator  performed  his 
whole  duty  toward  the  employee,  there  is  no  presumption  that  the 
employee  assumed  the  unusual  risk,  and  the  burden  of  proof  is  on 
the  employer  to  show  affirmatively  that  he  did,  to  the  same  extent 
that  it  is  on  him  to  show  any  other  contributory  negligence  on  the 
part  of  the  employee,  as  the  assumption  of  an  unusual  risk  in  any 
employment  by  an  employee  is  in  the  nature  of  negligence  on  his  part, 
which,  like  any  other  contributory  negligence,  prevents  his  recovery. 

Perreault  v.  Wiaconsin  Granite  Co.  (South  Dakota),  144  Northwestern,  110,  p.  113, 
September,  1914. 

See  Oiva  v.  Calumet  &  Hecia  Min.  Co.  (Michigan),  146  Northwestern,  181,  March, 
1914. 

ASSUMPTION   OF   RISK — BUKDEN   OF  PBOOF. 

While  the  law  presumes  that  an  employee  in  a  quarry  assumed  all 
the  ordinary  risks  incident  to  his  employment,  including  those  con- 
nected with  the  use  of  proper  machinery  when  properly  located, 
and  therefore  no  proof  of  assumption  of  risk  in  such  cases  need  be 
pleaded  or  proved,  yet  when  a  risk  claimed  to  have  been  assumed 
is  out  of  the  ordinary,  as  when  an  employer  has  failed  to  furnish  a 
reasonably  safe  place  in  which  his  employees  shall  work,  then  if  the 
employer  seeks  to  defend  an  action  based  upon  injury  received  owing 
to  bis  own  alleged  negligence  in  not  furnishing  such  a  proper  place 
and  seeks  to  defend  upon  the  ground  that  the  employee  assumed  the 
risk,  there  being  no  presumption  that  such  risk  was  assumed,  it  then 
becomes  a  matter  of  affirmative  defense  to  be  alleged  and  proved 
by  the  employer. 

Perreault  v.  Wisconsin  Granite  Co.  (South  Dakota),  144  Northwestern,  110,  p.  113, 
September,  1913. 

ASSUMPTION   OF  RISK — ^INJURY  TO  WORKMAN. 

A  person  employed  as  a  driller  in  a  stone  quarry  and  whose  duty 
it  was  to  go  upon  and  around  the  sides  of  a  great  pile  of  pieces  of 
stone  varying  in  size  that  were  thrown  upon  the  pile  as  they  were 
blasted  from  the  face  of  the  quarry,  and  who  was  required  to  drill 
holes  in  the  larger  pieces  of  the  loose  stone  in  such  pile  in  order  that 
these  larger  pieces  could  be  broken  up  so  that  they  could  be  handled, 
and  where  the  pieces  of  stone  as  piled  were  sometimes  loose  and  liable 
to  sUp  and  fall  or  roll  down  the  side  of  such  pile,  is  not  entitled  to 
recover  for  an  injury  caused  by  a  mass  of  stone  in  the  ledge  above  bim 
breaking  loose  and  rolling  down  over  and  upon  him  to  his  injury, 
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where  it  sufficiently  appears  that  the  driller  himself  was  as  well 
informed  as  the  operator  of  the  quarry  of  the  likelihood  of  the  stone 
falling,  and  where  he  knew  of  the  constantly  changing  conditions  of 
the  mass  of  stone,  and  where  it  also  appears  that  an  inspection  by  the 
operator  would  have  been  of  no  consequence  to  the  driller  because 
of  the  constantly  changing  conditions,  and  where  the  injury  arose 
either  from  the  cause  of  the  changing  conditions  and  work,  of  which 
the  driller  was  fully  informed,  which  changing  condition  of  work  and 
of  the  subject  of  the  work  he  was  employed  to  assist  in  produeing, 
or  from  no  known  cause. 

Lehigh  Portland  Cement  Co.  v.  Baas  (Indiana),  103  Northeastern,  483,  p.  487, 
December,  1913. 

An  employee  in  a  quarry  of  many  years'  experience  and  whose 
duty  among  other  things  was  head  hooker  to  hook  the  hooks  or 
dogs  of  a  traveler  used  to  move  stone,  and  whose  duty  it  was  to 
determine  for  himself  the  way  and  manner  in  which  to  move  stone 
in  the  quarry  and  in  the  yard,  can  not  recover  for  an  injury  received 
while  in  the  line  of  his  duty,  where  he  was  directed  to  move  a  stone, 
above  but  not  on  which  was  a  larger  stone,  and  where  without  first 
moving  the  larger  stone  he  with  an  assistant  put  the  hooks  or  dog 
in  the  small  and  underneath  stone  and  himself  gave  the  signal  to  the 
engineer  operating  the  traveler,  and  where  in  lifting  the  smaller 
stone  the  laiger  stone  was  thereby  caused  to  fall  on  the  plaintiff, 
causing  the  injuries  for  which  he  sued. 

Sare  v.  Hoadley  Stone  Co.  (Indiana  Appeals),  105  Northeastern,  582,  p.  583,  Jirne^ 
1914. 

EXERCISE   OF  REASONABLE   CARE — PROOF  OF  GENERAL   PRACTICfi. 

In  an  action  for  damages  for  the  death  of  an  employee  in  a  stone 
quarry  due  to  the  alleged  negligent  manner  in  which  the  operator 
conducted  his  quarrying  operations,  the  plaintiff  may  show  the 
general  practice  of  other  employers  in  similar  lines  of  employment, 
as  tending  to  show  whether  the  employer  has  exercised  reasonable 
and  ordinary  care  in  providing  and  maintaining  safe  appliances  and 
places  for  work. 

Bowles  V.  Yii^ginia  Soapetone  Co.  (Viiginia),  80  Southeastern,  799,  p.  801,  January, 
1914. 

SAFE    PLACE   AND   APPLIANCES — DEGREE   OF   LIABILITY. 

The  operator  of  a  stone  quarry,  like  other  employers,  is  bound  to 
exercise  ordinary  care  in  providing  safe  appliances  and  places,  and 
the  care  must  be  such  as  reasonable  and  prudent  men  use  under 
like  circumstances,  in  providing  safe  and  suitable  appliances  and 
instrumentalities  for  the  work  to  be  done  and  in  providing  generally 
for  the  safety  of  the  employees,  regard  being  had  to  the  work  and 
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the  difficulties  and  dangers  attending  it;  but  he  is  not  bound  to 
provide  the  latest  inventions  nor  the  most  newly  discovered  appli- 
ances, and  he  is  not  required  to  use  more  than  ordinary  care, 
no  matter  how  hazardous  the  business  may  be,  and  ordinary  care 
depends  upon  the  circumstances  of  the  particular  case  and  is  such 
care  as  a  person  of  ordinary  prudence  under  aU  the  circumstances 
would  exercise,  and  this  must  be  ascertained  by  the  general  usages 
of  the  business. 

Bowles  v.  Viigmia  Soapstone  Co.  (Viisinia),  80  Southeasteni.  799,  p.  801,  Jannarv. 
1914. 

EMPLOYER   NOT   AN   INSURER   OP   SAFETY   OF  EMPLOYEES. 

The  operator  of  a  stone  quarry  is  not  held  to  any  higher  degree 
of  skill  than  the  fair  average  person  of  his  profession  or  trade,  and 
he  is  not  an  insurer  of  the  safety  of  his  employees  and  is  liable  for 
the  consequences  not  of  danger  but  of  n^^ence. 

Bowlee  v.  Viiginia  Soapetone  Co.  (Vliginia),  80  Southeastern,  799,  p.  801,  Januar\\ 
1914. 

DANGERS   IN   SOAPSTONE  QUARRY. 

The  quarrying  of  soapstone  is  necessarily  hazardous  and  the 
elements  of  danger  can  not  be  wholly  eliminated,  and  such  a  quarry 
can  not  be  conducted  without  blasting  and  the  use  of  machinery 
which  causes  vibrations,  and  the  operator  of  such  a  quarry  can  not 
be  held  liable  for  an  injury  to  or  the  death  of  an  employee  from  the 
fall  of  a  rock,  on  the  ground  of  alleged  negligence  in  keeping  the 
walls  so  perpendicular  that  loosened  stones  would  be  liable  to  fall 
from  the  jar  incident  to  the  work,  where  the  proof  showed  that  the 
wall  for  some  60  feet  was  almost  perpendicular  and  the  discovery 
of  a  seam  no  thicker  than  a  knife  blade,  and  where  the  quarrying  was 
carried  down  to  a  considerable  distance  and  aft«r  some  3  or  4 
yards  another  seam  of  the  same  character  of  the  first  was  discovered, 
and  whexe  iron  pins  were  introduced  along  the  lower  edge  of  the  seam, 
and  during  all  of  the  time  frequent  and  careful  inspections  were  made 
of  the  face  of  the  wall  by  sounding  with  heavy  hammers  and  crowbars 
and  there  was  no  evidence  of  the  slightest  character  of  any  movement 
of  the  stone,  and  no  discovery  of  an3rthing  to  indicate  that  any 
movement  was  to  be  apprehended,  except  the  seams  mentioned,  and 
where  the  quarrying  continued  for  a  year  after  the  discovery  of  the 
second  seam  without  indications  of  danger,  when  suddenly  and  with- 
out warnuip  a  great  mass  of  stone  fell  and  caused  the  death  com- 
plained of. 

llowlcyi  i\  Virpni*  8oapPtone  Co.  t  Vii|nniai.  80  Southeastern,  799,  p.  802,  Januan% 
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EVIDENCE   OF   SUBSEQUENT  REPAIRS   INADMISSIBLE. 

In  an  action  for  the  death  of  an  employee  in  a  quarry  caused  by 
a  fall  of  rock  due  to  the  alleged  negligence  of  the  operator  in  failing 
to  properly  inspect  and  make  safe  the  wall  of  the  quany,  evidence 
is  not  admissible  to  show  that  the  inspection  of  the  walls  of  the  quarry 
was  more  frequent  after  the  accident  than  before,  and  that  the  operar- 
tor  subsequent  to  the  accident  put  more  pins  in  the  wall  for  the 
purpose  of  making  it  safe. 

f  Bowles  V.  Viigima  Soapstone  Co.  (Viiginia),  80  Southeastern,  799,  p.  800,  January, 

1914. 

NOISES — NUIS  A  NCE . 

The  owner  and  operator  of  a  granite  quarry  may  be  enjoined  from 
operating  surfacing  machines,  though  necessary  in  the  process  of  the 
development  of  the  granite  industry  and  necessary  for  the  successful 
prosecution  of  the  particular  quarry,  where  by  reason  of  being  oper- 
ated by  compressed  air  the  surface  machines  produce  a  loud,  pene- 
trating, confused,  and  disagreeftble  noise  that  interferes  with  the 
reasonable  comfort  and  enjoyment  of  life  to  the  inhabitants  of  the. 
particular  locality  used  principally  for  residences. 

Stevens  v.  Rockport  Granite  Co.  (Massachusetts),  104  Northeastern,  371,  p.  373, 
February,  1914. 

LEASE    OP    LANDS    AND    QUARRY GRANT    OF    RIGHT    OF    WAY CON- 
STRUCTION. 

The  owner  of  a  stone  quarry  leased  the  same  for  a  term  of  25  years, 
and  at  the  same  time  and  by  tlie  same  instrument  granted  to  the 
l^see  the  right  to  construct  and  maintain  a  switch  over  other  lands  of 
the  lessor  by  wliich  lessee  should  quarry  and  remove  stone  by  means 
of  such  switch  and  to  connect  the  stone  quarry  with  a  nearby  railroad, 
and  the  lessee  reserving  the  riglit,  on  the  termination  of  the  lease,  to 
remove  all  buildings,  sidetracks,  switches,  and  property  of  every  kind 
from  said  premises;  and  the  fact  that  the  lessor  subsequently  con- 
veyed the  land  over  which  the  switch  was  laid  and  maintained,  on  the 
termination  of  the  lease,  and  leased  the  quarry  to  other  persons,  did 
not  in  anywise  affect  the  rights  of  the  lessee  and  did  not  extend  the 
time  or  make  permanent  the  easement  to  maintain  the  switch,  but 
the  original  lessee  on  the  termination  of  the  lease  had  the  right  to 
remove  the  buildings  on  the  leased  premises,  including  the  switch,  and 
the  easement  for  the  maintenance  of  the  switch  terminated  at  the  end 
of  the  25-year  period. 

Spencer  Stone  Co.  v.  Sedwick  (Indiana  Appeal),  105  Northeastern,  625,  p.  527, 
June,  1914. 
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PATENT  FOR   STONE   LAND — FRAUD CANCELLATION. 

Patents  issued  under  the  timber  and  stone  act  may  be  set  aside  and 
canceled  for  fraud  on  the  part  of  the  patentee  in  conspiring  to  purchase 
entries  pmsuant  to  a  prior  agreement  on  the  part  of  the  entryman  to 
transfer  the  title  to  persons  not  bona  fide  purchasers  for  value. 

United  States  v.  Kettenbach,  206  Fed.,  209,  p.  214,  October,  1913. 

WATER  RIGHTS. 

CONSTRUCTION  OF   STATUTE. 

Congress  evidently  perceived  that  the  time  had  come  when  the 
changed  conditions  and  the  complex  interests  and  relations  of  the 
national  life  demanded  a  change  in  the  rules  relatu^  to  water  rights  on 
the  public  domain  in  the  arid  regions  of  the  Western  States,  as  applied 
under  the  original  act  of  July  26,  1866  (14  Stat.,  251,  sec.  9),  and  as 
embadied  in  section  2389  of  the  Revised  Statutes  of  the  United  States, 
and  accordingly  modified  that  act  by  the  subsequent  legislation  as 
seen  in  the  acts  of  March  3,  1891  (26  Stat.,  1095),  February  4,  1911 
(36  Stat.,  1235,  p.  1253). 

United  States  v.  Utalx  Power  &  Light  Co.,  209  Fed.,  554,  jp.  561. 
Reversing  United  States  v.  Utah  Power  &  Light  Co.,  208  Fed.,  821,  p.  823,  Novem- 
ber, 1913. 

The  acts  of  May  14,  1896  (29  Stat.,  120),  and  of  March  4,  1911  (36 

Stat.,  1235,  p.  1253),  authorizing  the  Secretary  of  the  Interior  and 

other  public  officers  to  grant  rights  of  way  and  the  use  of  ground  on 

the  public  domain  to  electric  power  companies,  modify  and  limit,  at 

least  as  to  such  companies,  the  general  provisions  of  section  2339  of 

the  Revised  Statutes  of  the  United  States;  and  wliile  these  later  acts 

can  not  deprive  corporations  or  persons  of  vested  water  rights  for 

mining  and  domestic  purposes,  corporations  can  not  acquire  rights  of 

way  over  the  public  domain  to  be  used  in  generating  electric  power 

imder  the  original  section  2339,  but  a  right  of  way  for  such  purposes 

can  be  granted  under  the  later  acts  by  the  Secretary  of  the  Interior 

only. 

United  States  v.  Utah  Power  A  Light  Co.,  209  Fed.,  554,  p.  561,  November,  1913. 
Reversing  United  States  v.  Utah  Power  A  Light  Co.,  208,  Fed.,  821,  p.  823. 

VESTED   RIGHTS   PROTECTED PURPOSE   OF   STATUTE. 

The  purpose  of  section  2339  of  the  Revised  Statutes  of  the  Unite<l 
States  was  to  confirm  title  to  possession  acquired  under  forms  and 
regulations  sanctioned  by  the  State  and  molded  by  its  courts,  with 
the  acquiescence  and  tacit  encouragement  on  the  part  of  the  Gbvern- 
ment;  and  the  section  was  a  voluntary  recognition  of  the  preexisting 
right  of  possession,  constituting  a  valid  right  of  claim  to  its  continued 
use,  rather  than  the  establishment  of  a  new  right. 

United  States  v.  Utah  Power  &  Light  Co.,  209  Fed.,  554,  p.  560,  November,  1913. 
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APPROPRL\TION   NECESSARY  FOR  USE   ON   MINING   CLAIM. 

The  locator  of  a  lode  mining  claim  is  not  entitled  to  the  use  of  water 
flowing  from  a  spring  in  a  natural  channel  without  making  a  proper 
appropriation  of  the  same  to  a  beneficial  use,  and  in  the  absence  of 
such  an  appropriation  a  tliird  person  may  by  proper  appropriation^ 
acquire  a  vested  interest  in  the  use  of  such  water. 

Campbell  v.  Gold£eld  Oonsol.  Water  Go.  (Nevada),  136  Pacific,  976,  p.  978,  Decem- 
ber, 1913. 

WATER  RIGHTS — CUSTOMS. 

The  effect  of  a  custom  prevailing  in  an  Alaska  mining  district  by 
which  an  entry  upon  unpatented  mining  claims  was  permitted  to  one 
seeking  to  appropriate  water  flowing  through  such  unpatented  claim, 
becomes  whoUy  immaterial  where  the  mining  claim  was  held  to  be 
invalid  because  of  the  failure  to  prove  discovery. 

Ebner  Gold  Min.  Co.  v.  AlaskaJuneau  Min.  Co.,  210  Fed.,  599,  p.  604,  January,  1914. 

VESTED   RIGHTS   FOR   MINING   PURPOSES. 

Where  vested  water  rights  for  mining  purposes  have  accrued  under  * 
section  2339  of  the  Revised  Statutes  of  the  United  States,  and  such 
rights  are  recognized  and  acknowledged  by  local  customs,  laws,  and 
decisions  of  the  courts,  such  rights  are  protected  by  the  statute  and 
can  not  be  forfeited  or  otherwise  lost  by  any  acts  of  the  Government ! 
officeiB.  ■ 

United  States  v.  Utah  Power  &  Light  Co.,  208  Fed.,  821,  p.  822,  March,  1913. 

RIGHT   OF   WAY   PROTECTED.  ? 

A  power  company  obtaining  a  right  of  way  for  a  pipe  line  to  con- 
duct water  to  its  plant  and  mine  for  mining  purposes  will  be  protected  * 
in  its  right  to  the  continued  use  of  such  right  of  way  and  pipe  line  ' 
where  the  land  is  subsequently  incorporated  in  a  forest  reserve. 

United  States  v.  Utah  Power  &  light  Co.,  208  Fed.,  821,  p.  823,  March,  1913. 
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PUBLICATIONS  ON  METHODS  OF  MINING, 

Limited  editions  of  the  following  Bureau  of  Mines  publications 
are  temporarily  available  for  free  distribution.  Requests  for  all 
publications  can  not  be  granted,  and  applicants  should  select  only 
those  publications  that  are  of  especial  interest  to  them.  All  requests 
for  publications  should  be  addressed  to  the  Director,  Bureau  of 
Mines,  Washington,  D.  C. 

Bulletin  17.  A  primer  on  explosives  for  coal  miners,  by  C.  E.  Munroe  and  Clarence 
Hall.   61  pp.,  10  pis. ,  12  figs.    Reprint  of  United  States  Geological  Survey  Bulletin  423. 

Bulletin  45.  Sand  available  for  filling  mine  workings  in  the  northern  anthracite 
coal  basin  of  Pennsylvania,  by  N.  H.  Darton.    1913.    33  pp.,  8  pis.,  5  figs. 

Bulletin  48.  The  selection  of  explosives  used  in  engineering  and  mining  operations, 
by  Clarence  Hall  and  S.  P.  Howell.    1913.    50  pp.,  3  pis.,  7  figs. 

Bulletin  53.  Mining  and  treatment  of  feldspar  and  kaolin  in  the  southern  Appa- 
lachian region,  by  A.  S.  Watts.     1913.     170  pp.,  16  pis.,  12  figs. 

Bulletin  60.  Hydraulic  mine  filling;  its  use  in  the  Pennsylvania  anthracite  fields; 
a  preUminary  report,  by  Charles  Enzian.     1913.    77  pp.,  3  pis.,  12  figs. 

Bulletin  69.  Coal  mine  accidents  in  the  United  States  and  foreign  countries, 
compiled  by  F.  W.  Horton.    1913.    102  pp. ,  3  pis. ,  40  figs. 

Technical  Paper  11.  The  use  of  mice  and  birds  for  detecting  carbon  monoxide 
after  mine  fires^nd  explosions,  by  G.  A.  Burrell.    1912.    15  pp. 

Technical  Paper  13.  Gas  analysis  as  an  aid  in  fighting  mine  fires,  by  G.  A.  BurreU 
and  F.  M.  Seibert.    1912.    16  pp.,  1  fig. 

Technical  Paper  17.  The  e£fect  of  stemming  on  the  efficiency  of  explosives,  by 
W.  O.  Snelling  and  Clarence  Hall.    1912.    20  pp.,  11  figs. 

Technical  Paper  18.  Magazines  and  thaw  houses  for  explosives,  by  Clarence  Hall 
and  S.  P.  Howell.    1912.    34  pp.,  1  pi.,  5  figs. 

Technical  Paper  19.  The  factor  of  safety  in  mine  electrical  installations,  by  H.  H. 
aark.     1912.     14  pp. 

Technical  Paper  21. — The  prevention  of  mine  explosions,  report  and  recommenda- 
tions, by  Victor  Watteyne,  Carl  Meissner,  and  Arthur  Desborough.  12  pp.  Reprint  of 
United  States  Geological  Survey  Bulletin  369. 

Technical  Paper  22.  Electrical  symbols  for  mine  maps,  by  H.  H.  Clark.  1912. 
11  pp.,  8  figs. 

Technical  Paper  24.  Mine  fires,  a  preliminary  study,  by  G.  S.  Rice.  1912. 
51  pp.,  1  fig. 

Technical  Paper  29.  Training  with  mine-rescue  breathing  apparatus,  by  J.  W. 
Paul.    1912.     16  pp. 

Technical  Paper  30.  Mine-accident  prevention  at  Lake  Superior  iron  mines,  by 
D.  E.  Woodbridge.     1913.    38  pp.,  9  figs. 

Technical  Paper  41.  Mining  and  treatment  of  lead  and  zinc  ores  in  the  Joplin 
district,  Mo.,  a  preliminary  report,  by  G.  A  Wright.     1913.    63  pp.,  5  figs. 

Technical  Paper  44.  SafetyelectricswitchesfOTmines,  by  EL  H.Clark.  1913.  8  pp. 

Technical  Paper  47.  Portable  electric  mine  lamps,  by  H.  H.  Clark.     1913.    13  pp. 

Technical  Paper  48.  Coal-mine  accidents  in  the  United  States,  1896-1912,  with 
monthly  statistics  for  1912;  compiled  by  F.  W.  Horton.     1913.    74  pp.,  10  figs. 

Technical  Paper  58.  The  action  of  add  mine  water  on  the  insulation  of  electrical 
conductors;  a  preliminary  report,  by  H.  H.  Clark  and  L.  C.  Ilsley.    1913.  .26  pp.,  1  fig. 

Technical  Paper  59.  Fires  in  Lake  Superior  iron  mines,  by  Edwin  Higgins.  1913. 
34  pp.,  2  pis. 

Technical  Paper  61.  Metal-mine  accidents  in  the  United  States  during  the  cal- 
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Technical  Paper  92.  Quarry  accidents  in  the  United  States  during  the  fiscal  year 
1913,  compiled  by  A.  H.  Fay.     1914.    45  pp. 

176 

O 


Bulletin  91 


DEPARTMENT  OF  THE  INTERIOR 

FRANKLIN  K.  LANE,  Sbcbbtaev 

BUREAU  OP  MINES 

VAN.  H.  MANNINO,  Dirkctoii 


INSTRUMENTS  FOR  RECORDING  CARBON 
DIOXIDE  IN  FLUE  GASES 


J.  F.  BARKLEY  ixD  S.  B.  FLAGG 


The  Bureau  of  Mines,  in  camming  out  one  of  the  provisions  of  its  organic  act — to  dis- 
seminate information  concerning  investigations  made — prints  a  limited  free  edition  of 
each  of  its  publications. 

When  this  edition  is  exhausted  copies  may  be  obtained  at  cost  price  only  through 
the  Superintendent  of  Documents,  Government  Printing  Office,  Washington,  D.  C, 
who  is  the  authorized  agent  of  the  Federal  Government  for  the  sale  of  all  publications. 

The  Superintendent  of  Dorumenta  is  not^an  official  of  the  Bureau  of  Mines,  His  is 
an  entirely  separate  office  and  he  should  be  addressed: 

Superintendent  of  Documents, 

Government  Printing  Office^ 

Washingtony  D.  C. 

The  general  law  under  which  publications  are  distributed  prohibits  the  giving  of 
more  than  one  copy  of  a  publication  to  one  person.  Additional  copies  must  be  pur- 
chased from  the  Superintendent  of  Documents. 

The  price  of  this  bulletin  is  10  cents. 

First  edition.     March,  19ir,. 


'    CONTENTS 


Page. 

Introduction 5 

Acknowledgmen  ts 6 

Descriptions  of  instnunents  and  instructiona  for  their  installation  and  operation  7 

Bimeter  CO,  recorder.    Instrument  1 7 

Description 7 

Instructions  for  setting  up  instrument 8 

Preparation  of  lime  for  absorption  chamber 9 

Filling  the  absorption  chamber 9 

Test  for  air  leaks >.  9 

Adjustment  of  instrument 10 

Simmance-Abady  CO2  recorder.     Instrument  2 11 

Cycle  of  operations 11 

Placing  of  the  instrument 12 

Dust  filter 13 

Gas  and  water  connections 13 

Preparation  and  use  of  caustic  potash  solution 14 

Setting  up  the  recorder 14 

Final  adjustment  of  instrument 16 

Miscellaneous  instructions 17 

"Sarco  "  automatic  combustion  (CO3)  recorder.    Instrument  3 17 

Description  of  operation  of  instrument 17 

Details  regarding  installation! 19 

Setting  up  of  the  inRtrument  proper 20 

Instiructions  regarding  recording  parts 21 

Final  adjustments 22 

The  "Telezometer "  CO2  recorder.    Instrument  4 23 

Description  of  recorder*. 23 

Uehling  COj  machine.     Instrument  5 24 

Description 24 

Adjusting  the  water  levels 27 

Testing  for  leaks 27 

Adjusting  for  zero 28 

Miscellaneous  directions 29 

Setting  up  the  instrument 30 

How  condensing  filter  functions 30 

Preliminary  piping 31 

Setting  up  CO,  recording  gage 32 

Setting  up  auxiliary  COj  indicator 32 

Filling  regulator 33 

Inserting  caustic  carton 33 

The  CO,  thermoscope.    Instrument  6 33 

Description 33 

Making  an  analysis , 34 

Dr.  A.  Schmidts  pocket  CO,  indicator.    Instrument  7 36 

Making  a  determination 36 

Miscellaneous  instructions 37 

General  conclusions  from  tests 37 

Arrangement  of  apparatus  in  the  tests 39 

Outline  of  tests 42 

3 


4  CONTENTS. 

Page. 

Tabulated  results  of  special  tests 43 

Summary  of  results  and  conclusions  for  each  instrument 44 

Instrument  1 44 

Instrument  2 45 

Instrument  3 , / 46 

Instrument  4 47 

Instrument  5 v 48 

Instrument  6 50 

Instrument  7 50 

Hints  as  to  installing  gas  line  for  any  instrument .• 51 

Selected  bibliogmphy 53 

Publications  on  fuel  technology * 55 


ILLIISTIIATIOXS. 

Paga. 
Plate  I.  Ay  Graphic  record  from  bimeter  CO,  recorder,  normal  operation; 
B,  Graphic  record  from   "Sarco"   automatic  combustion  (COj) 

.  recorder 44 

Figure  1 .  Internal  parts  and  connections  of  bimeter  CO,  recorder 7 

2.  Soot  filter  and  connections,  bimeter  COj  recorder 8 

3.  Simmance-Abady  COj  recorder 11 

4.  Dust  filter  and  connections,  Simmance-Abady  COj  recorder 12 

5.  Recorder  case  and  gas  and  water  connections,  Simmance-Abady 

CO2  recorder 13 

6.  Parts  and  connections  of  Sarco  automatic  (COa)  recorder 18 

7.  Arrangement   of   parts   and    connections   of  "Telezometer"  OO2 

recorder '. 24 

8.  Arrangement  of  bell  jars  and  connections,    "Telezometer"   CO, 

recorder , 25 

9.  Diagram  of  essential  parts  of  Uehling  CO2  machine,  arranged  as  a 

train 25 

10.  Actual  arrangement   of  parts  and   connections   of  Uehling  COj 

machine 26 

11.  Diagram  showing  how  Uehling  COj  machine  should  be  set  up 30 

12.  Condensing  filter  and  connections,  Uehling  COj  machine 31 

13 .  The  COa  th ermoscope 34 

14.  Dr.  A.  Schmidts  pocket  COj  indicator 36 

15.  CO3  recorders  3,  2,  1,  and  4  set  up  for  tests 39 

16.  CO2  recorders  5,  3,  and  2  as  set  up  for  tests 40 

17.  Gasometer  tank 41 

18.  Graphic  record  from  instrument  1,  special  test 44 

19.  Graphic  record  from  instrument  2,  special  test 45 

20.  Graphic  record  from  instrument  3,  special  test 46 

21.  Graphic  record  from  instrument  4,  special  test 47 

22.  Graphic  record  from  instrument  5,  special  test 48 

23.  Graphic  record  from  instrument  2,  normal  operation 49 

24.  Grapliic  record  from  instrument  4,  normal  operation ,  50 

25.  Graphic  record  from  instrument  5.  normal  operation 51 


INSTRUMENTS  FOR  RECORDING  CARBON  DIOXIDE  LX 

FLUE  GASES. 


By  J.  F.  Barkley  and  S.  B.  Flaqg. 


INTBODUCfriON. 

In  the  past  few  years  an  awakened  activity  in  power-plant  econ- 
omies has  resulted  in  a  marked  improvement  in  the  equipment  for 
generating  and  utilizing  steam.  Although  the  improvement  in  design 
and  construction  of  steam-driven  prime  movers  has  been  greater  than 
that  of  the  steam-generating  equipment,  the  economies  obtained  with 
the  more  efficient  engines  and  turbines  have  stimulated  interest  and 
activity  in  eliminating  imnecessary  boiler  and  furnace  losses. 

Much  attention  has  been  given  to  the  boiler  room  in  efforts  to 
obtain  proper  combustion  of  the  coal,  because  of  the  importance  of 
the  coal  item  in  costs  of  power  production.  As  evidence  of  this 
increasing  interest  may  be  cited  the  record  of  the  development  within 
the  past  few  years  of  new  apparatus  for  the  analysis  of  flue  gases. 
Many  new  forms  of  apparatus  have  appeared,  including  those  for  the 
determination  of  carbon  dioxide,  oxygen,  and  carbon  monoxide,  and 
others  for  indicating  and  for  recording  the  content  of  carbon  dioxide 
only,  as  carbon  dioxide  content  is  usually  a  good  indicator  for  the 
control  of  furnace  operation. 

Because  of  the  large  number  of  steam-power  plants  operated  by 
the  Federal  Government  and  the  number  of  COj  recorders  used 
therein  the  Bureau  of  Mines  undertook  to  collect  information  regard- 
ing the  practical  application  of  such  recorders.  Articles  published 
from  time  to  time  concerning  CO,  recorders  have  been  mostly  descrip- 
tive, ^ving  little  reUable  information  as  to  the  results  that  could  be 
expected  from  the  various  types  of  instruments  in  ordinary  prac- 
tice, and  most  of  the  tests  made  have  been  of  a  laboratory  nature. 

Tests  of  several  different  types  of  recorders  were  made  under  service 
and  laboratory  conditions  in  order  to  obtain  needed  information. 
The  purpose  of  the  Bureau  of  Mines  in  publishing  the  results  is  to 
show  the  factors  which  may  affect  the  accuracy  of  a  COj  recorder 
and  the  manner  in  which  a  recorder  should  bo  tested.  Readers 
should  note  that  the  remarks  on  different  recorders  apply  to  the 
instruments  tested  and  not  to  later  instruments  of  the  same  makers. 

In  the  course  of  the  tests  the  following  details  were  determined: 

1 .  The  lag  in  recording  changes  of  composition  of  a  flowing  gas. 

2.  The  accuracy  of  each  type  of  recorder. 
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3.  The  variable  factors  affeotingj  the  operation  and  accuracy  of 
each  type. 

4.  The  repairs  and  renewals  necessary. 

5.  The  kind  and  amount  of  attention  required. 

To  acquire  data  relative  to  the  first  three  items  special  tests  of  a 
laboratory  nature  were  conducted,  whereas  the  information  relative 
to  items  4  and  5  was  obtained  by  operating  the  instruments  for  a 
period  of  several  months  under  conditions  practically  the  same  as 
would  be  met  in  a  commercial  steam-power  plant  having  only  a  day 
load.  In  connection  with  this  work  some  experiments  were  made  to 
ascertain  the  effect  of.  minor  changes  in  the  installation  and  the 
operation  of  the  instruments.  The  instruments  were  numbered  con- 
secutively, the  number  assigned  to  each  instrument  being  noted 
below.  Throughout  this  report  the  instrumont^s  are,  for  convenience, 
designated  by  number.  The  CO^  recording  instruments  tested  were 
as  follows: 

1.  The  bimeter  COj  recorder,  made  by  the  Cambridge  Scientific 
Instrument  Co.,  Cambridge,  England. 

2.  The  Simmance-Abady  COj  recorder,  made  b}-  the  Precision 
Instrument  Co.,  Detroit,  Mich. 

3.  The  ''Sarco^'  automatic  combustion  (COj)  recorder,  Sarco  Engi- 
neering Co.,  New  York,  American  representative. 

4.  The  '^Telezometer^'  COj  recorder,  made  by  G.  A.  Schultze, 
Berlin-Cliarlottenburg,  Germany. 

5.  The  Uchling  COj  machine,  made  by  the  Uehling  Instrument 
Co.,  Passaic,  N.  J. 

The  indicating  instruments  tested  were  as  follows: 

6.  The  COj  therm()scoj>e,  made  by  the  Underfeed  Stoker  Co.,  Lon- 
don, E.  C. 

7.  Dr.  A.  Schmid's  pocket  CO,  indicator,  made  by  J.  G.  Cramer, 
Zurich,  Switzerland. 

The  makers  of  the  instruments  mentioned  each  consented  to  hav- 
ing the  Bureau  of  Mines  make  the  tests  outlined,  with  the  under- 
standing that  the  results  would  be  published. 
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DESCBIPnONS  OF  INSTRUMENTS  AND  INSTBXJOTIONS  FOB  THEIB 

INSTAU^TION  AND  OPSBATION. 

BIMETER  CO2  RECORDER.      INSTRUMENT  1. 

DESCRIPTION. 

Figure  1  shows  the  internal  parts  and  connections  of  the  bimeter 
00,  recorder.  The  apparatus  consists  of  two  gas  meters  m^  and  m,, 
an  absorption  box  e,  a  water-jet  suction  pump  h,  and  a  recording 
mechanism//  g.  The  water-jet  suction  pump  or  aspirator  bj  with  a 
consumption  of  about  2 J  gallons  per  hour,  draws  about  li  cubic  feet 
of  the  flue  gas  through  the  instrument 
per  hour.  The  gas  entering  at  d  is 
cooled  in  the  first  chamber  of  the  cooler 
Jc,  and  then  measured  in  meter  m,. 
The  CO2  is  then  extracted  from  the 
gas  in  the  absorption  chamber  e  con- 
taining lime.  As,  during  this  chem- 
ical process,  the  remainder  of  the  gas 
becomes  heated,  it  is  again  cooled  to 
its  former  temperature  by  being  passed 
through  a  second  chamber  of  the 
cooler  it.  From  the  cooler  the  gas  is 
led  to  the  second  meter  m,  to  be  again 
measured,  and  is  thence  allowed  to  es- 
cape to  the  atmosphere  by  way  of  the 
aspirator  6  and  the  water  vessel  c. 

The  water  used  in  the  operation  of 
the  instrument  enters  at  the  cock  a 
and  flows  through  the  cooler  k  hito 

the  aspirator  &.      It  there  draws  in  the    Fiqube  1.— internal  parts  and  connectioDS 

flue   gas,   and    the   mixture  of  water  of  bimctorco,  recorder. 

and  gas  passes  into  the  water  vessel  c.  From  this  the  water  escapes 
through  an  overflow  drain  pipe  h  and  the  gas  bubbles  mto  the 
atmosphere. 

The  two  gas  meters  are  filled  witli  oil,  and  are  so  arranged  that 
when  no  absorption  takes  place  the  meter  m2  runs  about  4  per  cent 
slower  than  the  meter  rWi-  Thus,  when  no  CO^,  is  absorbed,  the  record- 
ing pen  is  made  to  record  lines  about  3  or  4  ram.  in  height.  The 
actual  height  of  these  zero  marks  is  immaterial  so  long  as  they  termi- 
nate at  the  zero  line  of  the  chart. 

This  recording  pen  is  actuated  by  means  of  a  difl*erential  drive/, 
operated  by  the  two  meters.  On  an  average  20  to  25  analyses  may 
be  recorded  per  hour,  the  number  being  dependent  on  the  volume  of 
the  flue  gases  passing  through  the  instrument.  The  number  may  be 
regulated  by  adjustment  of  a  throttle  p,  placed  in  the  gas  passage 
98798*»— Bull.  91—16 2 


Water 
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near  the  aspirator  6.     If  throttle  p  becomes  clogged  it  can  frequently 
be  cleaned  by  closing  it  entirely,  then  reopening. 
Figure  15  shows  instrument  1  installed  for  tests. 

INSTBUCnOHS   POB   SBTTINO   UP  IfJSTBnilBNT. 

The  filter  for  instrument  1  is  placed  as  close  as  possible  to  the 
sampling  tube  at  the  b^inning  of  the  gas  line.  The  upper  part  of 
the  soot  filter  is  filled  with  wood  shavings  and  excelsior,  as  shown  in 
figure  2,  or  excelsior  can  be  used  entirely.  The  filter  contents  should 
not  bo  packed  tightly.  The  filled  upper  part  is  placed  in  the  lower 
part,  which  is  filled -with  water  so  as  to  form  a  water  seal.  In  order 
that  the  water  may  not  evaporate  a 
little  oil  is  poured  on  its  surface. 

The  recorder  should  be  suspended 
vertically  on  hooks  or  screws  fixed 
at  a  height  of  about  4^  feet  above 
the  floor.  The  water  tank  supplied 
is  then  fixed  vertically  above  the 
recorder  by  means  of  screws  set  into 
the  wall  at  a  height  of  about  21 
inches  above  the  recorder  supports. 
The  iron  tube  supplied  should  next 
be  screwed  to  connect  the  water 
tank  to  the  water  cock  fixed  to  the 
recorder  connection  a  (fig.  1). 

The  water  necessary  for  operating 

the  apparatus  may  bo  taken   from 

the  ordinary  house  supply  or  from 

a  reservoir  by  means  of  a  half-inch 

dmitiCT    pipe.    A  float  valve  in  the  water 

tank   controls    the    supply  of   the 

water,  but  the  insertion  of  &  stopcock  immediately  in  front  of  the 

tank  is  recommended.     If  the  water  contains  impurities  filtration  may 

be  necessary.     It  is  well  to  attach  to  the  water  line  a  vertical  drain  pipe 

with  cock  in  such  a  manner  as  to  permit  draining  of  the  instrument 

each  time  before  it  is  started.     Such  drainage  tends  to  prevent  the 

accumulation  of  dirt  in  pockets.    The  gas  connection  at  d  (fig.  1)  is 

made  by  a  haJf-inch  gas  pipe  from  the  main  gas  line  to  the  recorder. 

The  gas  meters  m,  and  m,  are  now  filled  with  the  oil  supplied. 

Cock  I  is  opened  to  the  atmosphere,  and  the  plugs  at  the  top  of  both 

meters  are  also  opened,  the  gas  and  water  cocks  d  and  a  being  closed. 

The  oil  is  poured  into  the  meters  by  means  of  a  bent  funnel  supplied 

for  this  purpose,  and  the  position  of  the  oil  is  correctly  sot  on  the 

scros  of  the  scales.     The  meter  drums  are  once  slowly  rotated  by 
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hand  in  order  to  get  rid  of  the  air  bubbles  in  the  comers ;  and  if  neces- 
sary the  position  of  the  oil  is  corrected.  The  plugs  on  the  meters 
are  then  replaced  tightly.  The  final  adjustment  of  the  quantity  of  oil 
is  made  according  to  the/ 'zero  adjustment"  explained  in  a  sjjbsequent 
paragraph. 

PRBPARATION  OF  LIME  FOR  ABSORPTION  CHAMBER. 

In  preparing  the  lime  for  the  absorption  chamber,  about  1  hundred- 
weight of  burned  marble  lime  or  good  white  lime  is  slaked  in  the  fol- 
lowing manner.  After  the  larg^  pieces  of  lime  have  been  broken 
they  are  placed  in  a  basket  and  dipped  for  about  half  a  minute  in 
water.  The  resulting  mass  is  then  emptied  into  a  flat  box  and  cov- 
ered over.  After  an  interval  of  a  few  hours,  examination  is  made 
to  determine  whether  the  lime  has  become  pulverized;  if  not,  the 
lime  is  sprayed  with  a  small  quantity  of  water  and  covered  again. 
This  process  should  be  repeated  until  the  mass  faUs  into  a  powder. 
If  lime  that  is  already  slaked  is  available,  it  can  be  used  directly. 

ULUNQ  THE  ABSORPTION  CHAMBER. 

The  absorption  chamber  is  filled  with  a  mixture  of  excelsior  and 
lime.  The  filling  requires  care  and  should  be  done  by  the  same  per- 
son each  time  renewal  is  necessary,  in  order  to  obtain  uniform  service 
from  each  chamber  or  jar.  The  excelsior  is  made  thoroughly  damp 
and  a  thin  layer,  less  than  one-half  inch  in  thickness,  is  placed  in  the 
bottom  of  the  jar  rather  loosely.  Lime  is  scattered  over  this,  then 
more  excelsior  added,  and  so  on.  The  object,  however,  is  not  to 
have  the  two  materials  in  layers  but  to  have  a  jar  full  of  a  loose  mix- 
ture of  excelsior  and  lime.  If,  when  the  chamber  is  about  full,  it 
is  pounded  lightly  on  the  table,  the  mixture  will  settle  about  as  de- 
sired. Another  thin  layer  of  excelsior  is  put  on  top  after  the  mixture 
has  filled  the  jar.  Before  the  cover  is  reclamped  the  rubber  packing 
ring  should  be  weD  cleaned  and  greased  with  a  httle  vaseline.  It 
is  important  to  tighten  the  cover  clamping  screws  as  symmetrically 
as  possible. 

TEST  FOR  AIR   LEAKS. 

The  chamber  is  connected  in  position  and  a  test  is  made  to  insure 
that  there  are  no  air  leaks.  The  gas  cock  d  is  closed  and  the  air 
cock  I  is  opened.  The  water  tap  a  is  then  opened  and  the  oil  observed 
in  the  oil  gages  of  the  meters.  The  right-hand,  or  m^,  gage  should 
read  very  near  zero;  the  left-hand  gage  should  not  fall  much  lower 
than  25.  It  may  read  higher.  Should  it  fall  lower  the  absorption 
chamber  has  been  packed  too  tightly  and,  owiog  to  the  formation  of 
water  in  the  jar  through  the  chemical  action  between  the  lime  and 
the  CO2,  this  draft  may  increase  from  day  to  day  until  the  oil  level 
drops  out  of  sight.     The  air  cock  I  is  now  closed,  the  oU  in  the  gages 


10  INSTRUMENTS  FOR  RECORDING   CARBON   DIOXIDE. 

is  allowed  to  fall  about  30  mm.,  and  the  water  tap  is  then  closed. 
The  gages  come  to  rest  somewhere  in  sight;  if  the  apparatus  is  gas 
tight  the  oil  levels  will  not  change.  If  the  levels  rise  perceptibly  in 
a  short  time,  there  is  a  leakage  to  be  traced,  probably  in  some  of  the 
joints.  This  test  for  air  leaks  should  be  made  whenever  a  new  jar 
is  placed  in  service. 

Similarly,  immediately  after  erection  of  the  instrument  the  whole 
of  the  gas-pipe  connection  to  the  filter  can  be  tested.  The  upper  part 
of  the  soot  filter  should  be  removed  and  the  pipe  connecting  to  the 
flue  should  temporarily  be  plugged  so  as  to  make  it  air-tight.  With 
the  air  cock  I  closed  and  the  gas  tap  d  open,  the  leakage  test  is  agaLn 
made. 

ADJUSTMENT  OF  INSTRUMENT. 

The  instrument  is  now  ready  to  be  adjusted.  The  knurled  screw 
at  the  top  of  the  recording  drum  should  be  tightened  by  turning  it 
clockwise.  The  drum  should  then  be  turned  counterclockwise,  thus 
winding  the  clock.  As  soon  as  the  dock  has  been  fully  wound  the 
knurled  screw  automatically  loosens  itself.  The  chart  may  now  be 
set  on  the  drum,  care  being  taken  that  the  bottom  edge  of  the  chart  rests 
on  the  flange  of  the  drum.  When  the  pen  points  to  the  correct  time  on 
the  chart  the  knurled  head  is  screwed  up.  With  the  gas  cock  d  closed 
and  the  air  cock  I  open,  the  recorder  is  set  in  operation  by  opening  the 
water  cock  a.  The  flow  should  cause  large  gas  or  air  bubbles  to 
appear  without  interruption  in  the  water  vessel  e.  In  this  condi- 
tion the  apparatus  absorbs  no  CX),  but  records  the  slight  difference 
in  the  speed  of  the  two  meters.  This  difference  depends  on  the  posi- 
tion of  the  air  stu*faces  in  the  two  meters,  and  is  correct  when  the 
record  lines  on  the  chart  are  no  longer  than  the  free  space  below  the 
zero  line,  or  about  4  mm.  If  the  marks  are  longer,  a  small  quan- 
tity of  oil  must  be  added  in  meter  m^,  or  some  taken  from  m^;  if,  on 
the  other  hand,  the  lines  are  very  short,  they  will  be  lengthened  if  a 
small  quantity  of  oil  is  taken  out  of  meter  m,  or  added  to  meter  m^. 

For  running  oil  out  of  the  meter,  the  small  cocks  fitted  to  the  bot- 
tom of  the  meters  are  unscrewed.  After  the  length  of  the  hues  has 
been  so  adjusted,  the  position  of  the  recording  pen  is  corrected  by 
means  of  the  adjusting  screw  ty  in  order  that  the  upper  ends  of  the 
record  lines  may  average  on  the  zero  line  of  the  chart.  The  recorder 
should  be  operated  for  about  one  hour.  The  gas  cock  d  may  then 
be  opened  and  the  air  cock  I  closed.  The  recorder  will  now  roister 
the  CO,  content. 

Throwing  back  the  small  lever  at  the  right-hand  side  of  the  differ- 
ential gear  box /puts  the  recording  pen  out  of  gear.  The  pen  should 
always  be  thrown  out  of  gear  when  the  instrument  is  not  in  use. 
From  time  to  time  the  quantity  of  oil  in  both  meters  should  be  noted. 
The  level  in  the  right-hand  gage  will  show  the  draft  on  the  gas  line. 
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8IHMANC&ABADT  CO3  KECORDER,      INSTRUMENT  2, 

CYCLE   OF   OFBRATIONH. 

The  Siininance-Abady  COj  recorder  is  shown  in  figure  3.  A  pre- 
sentation of  the  cycle  of  operations  will  explain  it3  construction  and 
the  principleg  of  its  action. 

The  cycle  of  operations  is  as  follows,  the  letters  ascribed  to  parte 
referring  to  figure  3.  Water  from  the  reservoir  it,  having  safety  over- 
flow 00,  Sows  through  the  .,. 
hollow  valve  stem  e.  In 
siphon  tank  a  there  is  the 
weighted  float  b,  which  is 
attached  by  means  of  the 
chain  c  to  the  bell  d  of 
the  extractor;  the  float 
rises  with  the  water,  al- 
lowing the  bell  d  to  fall. 
At  the  top  of  its  stroke 
the  float  h  raises  the  valve 
stem  e,  thus  tripping  the 
valve,  and  momentarily 
flushing  the  siphon  tank; 
the  water  now  siphons  out 
of  athrough  siphon  tube^, 
aUowing  the  weighted  float 
b  to  fall.  As  it  faUs  it 
draws  up  the  water-sealed 
extractor  bell  d,  in  which 
is  created  a  partial  vacu- 
iun,and  into  wliich,  there- 
fore, gas  flows  from  the 
flue  through  p  and  h. 

Next,  the  weight  of  the 
waterthat  hasflowedfrom 
the  siphon  tube  g  into  the 
smaU  pot  beneath  it  over- 
comes   the   weight    of    the  F,«^.  3,-aim™c^Al«djrCO,r«orf«. 

counter  q  and  closes  the  balance  valve  k,  thereby  cutting  off  a  definite 
sample  of  the  gas.  Water  is  released  from  the  smaU  pot  in  time  to  allow 
the  valve  to  open  at  the  proper  interval.  The  stream  of  water  is  con- 
tinually flowing  into  the  tank  a,  and  the  float  b  rises  again,  allowing 
the  extractor  bell  d  to  sink.  As  it  sinks,  the  gas  in  bell  d,  which, 
by  the  closing  of  valve  h  is  now  iminfluenced  by  vacuum  or  other 
conditions  in  the  flue,  is  first  reduced  to  atmospheric  pressure,  and  is 
then  under  further  pressure.    The  volume  of  gas  is,  therefore,  forced 
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into  the  caustic  potash  vessel  m,  where  it  bubbles  up  through  the 
raustic  potash  and  its  CO,  is  absorbed;  thence  it  passes  into  the 
recorder  j,  raising  the  bell. 

The  ttoxwood  scale  n  at  the  side  of  the  recorder  tank  is  graduated  to 

show  100  per  cent  CO,  at  the  bottom  and  0  per  cent  CO,  at  the  top,  and 

the  capacity  of  the  bell  d  is  such  that  when  the  apparatus  is  run  on  air, 

containing  practically  no  COj,  the  total  volume  is  transferred  to  the 

recorder  bell  j,  which  then  rises  to  the  zero  point.     When  fiue  gas  is 

admitted  to  the  apparatus,  exactly  the  same  quantity,  that  is,  enough 

to  send  the  recorder  bell  up  from  100  to  0,  is  passed  from  the  extractor 

belld,  but  on  the  passage  of  the  gas,  theCOj  is  absorbed  by  the  caustic 

potash  in  the  steel  vessel  m,  reducing  the  volume  of  the  gas;  owing  to 

such  absorption  the  recorder  beU  ;  wdl  not  rise  to  its  full  height.     It 

will   rise    automatically    to 

some  point,  and  the  pen  will 

drop,  registering  its  portion 

on  the  chart. 

The  bell  j  then  vents,  dis- 
charging the  analyzed  gas 
through  the  bal  ance  valve  A  so 
that  it  does  not  mix  with  or 
come  in  contact  with  the  fresh 
chaise  of  gas,  which  is  dealt 
with  in  exactly  the  same  way, 
the  whole  operation,  as  well 
as  the  continuous  drawing 
forward  of  the  flue  gas,  taking 
place  automatically  by  means 
Frame  1,— Pust  Bller  and  coiuiectloni,  Rlmnunra-Abad;   of  the  Stream  of  water.     For 

the  purpose  of  introducing  a 
constant  supply  of  gas,  there  is,  below  cock  x,  the  injector  or  aspirator 
attached  to  the  top  of  the  case ;  jt,  is  an  auxiliary  gas  connection  to  the 
aspirator  from  the  main  inlet  pipe  p.  By  this  means  gas  is  continu- 
ously exhausted  from  the  pipes  connecting  the  recorder  to  the  boilers. 
Figures  1 5  and  16  show  instrument  2  as  installed  for  tests. 

Pl-ACISO    OK  THB   INSTBDHENT. 

To  avoid  vibration  tlic  recorder  should  be  placed  upon  a  firm  foun- 
dation, cither  a  brick  pier,  about  24  inches  wide  by  20  inches  deep  by 
30  inches  high,  or  steel  brackets  attached  to  the  wall.  If  the  recorder 
is  to  take  samples  from  a  battery  of  boilers,  it  should  preferably  be 
placed  about  midway  between  the  extreme  ends  of  the  battery,  so  as 
to  shorten  the  maximum  distance  of  travel  of  the  gases.  The  distance 
between  the  recorder  and  the  farthest  sampling  pipe  should  not  exceed 
200  feet.  The  place  selected  should  be  as  free  from  temperature 
chaugcs  as  possible. 
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DUST  FILTER. 


Figure  4  shows  the  filtering  arrangement.  A  dust  filter,  c,  with  a 
cover,/,  is  provided.  The  filter  cover  and  the  cap  d  are  connected  by 
a  length  of  gas  pipe  or  armored  hose,  e.  The  filter  c  is  set  into  the 
cup  hy  and  light  oil  is  poured  into  the  channel  in  the  filter  in  which  the 
filter  cover  rests.  The  oil  acts  as  a  seal.  The  filter  is  then  filled  with 
filtering  material  (excelsior,  cotton  waste,  etc.),  not  packed  too  tightly, 
and  over  this  is  placed  a  piece  of  light  flannel  which  is  held  in  place 
by  a  cast-iron  ring.  The  filter  cover  is  then  placed  on  and  sealed  with 
oil.  Only  enough  oil  is  used  to  make  the  seal  and  keep  the  connection 
air-tight.  The  level  of  the  oil  in  the  cups  will  be  depressed  by  the 
vacuum  in  the  flues,  and  if  additional  oil  is  poured  in  at  this  juncture, 
the  oil  is  likely  to  flood  the  line.  The  gas  passes  through  filter  c  and 
connection  e  to  cap  d,  and  thence  to  gas  line  a. 


GAS  AND   WATER  CONNECTIONS. 


The  gas  line  is  brought  down  to  the  instrument,  and  connection  is 
made  at  p  (fig.  6)  by  a  rubber  tube  c.  Bottles  a  and  i  are  telltales 
t  o  show  respectively 
whether  the  flue- 
gas  pipe  is  clear  of 
obstructions  and 
whether  a  constant 
stream  of  gas  is 
maintained.  Each 
bottle  is  fitted  with 
a   rubber    stopper, 


FiGtrRE  5.— Recorder  case  and  gas  and  water  connections,  Slmmanc^ 

Abady  COi  recorder. 


through  which  ex- 
tends a  long  and  a 
short  glass  tube. 
The  longer  tube  is 
sealed  in  bottle  a 
with  about  2  inches 
of  water  or  light  oil 
and  in  h  with  about  one-half  inch.  Water  in  h  should  bubble  con- 
stantly and  smartly  to  show  that  the  gas  is  passing  freely  and  that 
the  injector  is  working;  water  in  bottle  a  should  bubble  only  when  the 
gas  piping  becomes  stopped,  when  the  safety  seal  opens  and  air  passes 
into  the  extractor  bell  through  the  longer  tube.  Figure  5  shows  the 
exact  arrangement  of  bottles  that  should  be  made.  It  is  essential 
that  there  be  no  leak  at  the  rubber  stoppers. 

The  water  that  operates  the  recorder  should  be  supplied  under  a 
constant  head  and  should  be  clean.  The  water  may  be  passed  under 
city  pressure  through  a  water  filter,  which  can  be  made  of  a  length  of 
gas  pipe,  placed  vertically  for  ease  of  cleanhig,  with  blank  flanges  at 
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both  ends,  the  bottom  half  of  the  piping  being  filled  with  coke  and  the 
upper  half  with  sand,  and  the  top  covered  by  a  piece  of  flannel.  Such 
a  filter  is  necessary  only  for  very  dirty  water;  for  ordinary  water  a 
small  filter  is  supplied.  The  water  from  the  filter  flows  to  a  tank 
having  a  float  valve,  which  may  be  an  ordinary  water-closet  tank,  and 
thence  under  constant  head  to  the  recorder. 

The  constant-level  tank  should  be  covered  with  a  piece  of  canvas  or  a 
board  so  as  to  prevent  dirt  from  falling  in.  Such  dirt  would  obstruct 
the  free  passage  of  water  and  would  in  time  get  into  the  injector  at 
the  top  of  the  recorder.  The  tank  should  be  at  least  6  feet  above 
the  recorder.  The  pipe  through  which  the  water  flows  from  the  tank 
to  the  recorder  is  quarter-inch  wrought-iron  pipe,  which  is  screwed 
into  the  female  end  of  the  cock  x  (fig.  3)  at  the  water  inlet  just  above 
the  filter  pump  on  top  of  the  apparatus.  The  water  pipe  should  not 
bo  run  near  hot  steam  pipes,  as  hot  water  will  raise  the  temperature 
inside  the  case  of  the  recorder;  the  result  would  be  to  make  the 
recorder  sweat  and  cause  the  water  to  evaporate  rapidly  in  the  extrac- 
tor and  recorder  tanks.  A  quarter-inch  drain  pipe  for  waste  water 
is  run  to  the  sewer  from  the  coimection  at  the  bottom  of  the  case. 

PREPARATION   AND   USE   OF  CAUSTIC   POTASH  SOLUTION. 

After  the  recorder  has  been  removed  from  the  packing  case  and 
placed  in  position  the  first  operation  is  to  make  the  caustic  solution 
and  jjlow  it  to  cool.  The  solut  ion  should  be  caustic  potash  (KOH) ,  not 
caustic  soda  (NaOII),  and  is  made  by  emptying  the  contents  of  one 
2-poimd  KOH  tin  into  the  tin-lipped  vessel  provided  and  filling  care- 
fully with  clean  water  up  to  the  wire  gage  inside  the  vessel.  When 
the  solution  has  been  allowed  to  cool  to  room  temperature  it  should 
be  placed  in  the  steel  KOH  tank  and  stirred  well  to  dissolve  the 
caustic.  More  KOH  can  be  used,  and  the  solution  will  last  much 
longer;  the  specific  gravity  may  be  1.27.  A  small  glass  funnel  is 
provided  with  which  the  KOH  solution  can  be  poured  through  rubber 
tubing  into  the  center  nipple  of  the  cylindrical  steel  tank  m  (fig.  3), 
the  pinch  cock  on  the  overflow  tube  I  being  kept  open.  If  the  tank  is 
standing  on  a  level  table,  the  excess  will  obviously  run  out  through 
the  overflow  tube,  thus  giving  an  absolute  level.  The  pinch  cock 
should  be  closed  carefully  so  that  tank  will  be  air-tight.  The  caustic 
potash  solution  is  corrosive,  and  it  should  not  be  allowed  to  come  in 
contact  with  the  hands  or  clothes  nor  any  part  of  the  apparatus  other 
than  the  vessel  m.     The  shelf  of  the  recorder  should  be  level. 

SETTING    UP  THE   RECORDER. 

Figure  3  shows  clearly  the  position  of  the  various  parts.  Directions 
for  assembling  the  parts  are  as  follows:  Screw  the  filter  pump  con- 
taining injector  into  the  threaded  connection  inside  the  overflow  tank 


DESCRIPTION   OF  INSTRUMENTS.  15 

1c  as  far  as  the  thread  will  allow  or  until  the  lower  end  of  the  filter 
pump  is  submerged.  Fill  tanks  d  and  j  with  clean  water  to  overflow, 
placing  wide-mouth  bottle  imder  overflow  pipes. 
.  Run  some  water  into  siphon  tank  a  and  drop  float  b  into  siphon 
tank.  Connect  chain  on  float  to  small  gold-plated  chain  c  and  run 
over  pulleys  to  hook  on  extractor  bell  d. 

Hang  balance  arm  8  on  its  fine-point  bearings  in  the  grooved  cradle, 
being  careful  that  the  weighted  adjusting  arm  extends  to  the  right. 
Attach  fine  chain  from  segment  of  balance  arm  to  hook  on  recorder 
bell  j;  then  hang  brass  counterweight  on  opposite  end  of  balance  arm. 

Attach  striker  lever  q  with  bucket  to  pin  under  shelf  so  that  the 
upright  arm  on  the  striker  lever  will  engage  yoke  on  lever  of  cock  A. 
Note  that  yoke  does  not  strike  siphon  tank  and  that  q  does  not  strike 
nut  attaching  recorder  tank  to  shelf. 

Make  rubber  connections  as  shown  in  figure  3,  being  careful  that 
there  are  no  kinks  in  the  rubber  tubing.  If  the  rubber  becomes  worn 
or  seems  loose,  paint  with  asphaltum  paint. 

Vaseline  is  thinly  smeared  on  the  ground  face  of  the  balance  valve  h. 
Lubrication  once  a  week  is  generally  suflicient.  The  ports  in  the 
valve  and  its  socket  should  not  be  obstructed  with  vaseline,  as  this 
will  hinder  the  passage  of  the  gas. 

Now  place  a  chart  on  the  dock  disk,  being  sure  that  the  center 
point  on  the  disk  passes  through  the  center  of  the  chart.  It  may  be 
necessary  to  punch  a  hole  with  a  pin  in  the  center  of  the  chart  before 
placing  the  chart.  The  clock  and  pen  levers  are  now  placed  in 
positioix.  The  pen  fittings  consist  of  two  distinct  sets  of  parts,  first 
the  pen  proper  with  its  brass  arm  and  screw  counterbalance  weight, 
and,  second,  the  black  bronzed  actuating  lever  with  its  weight  sus- 
pended by  a  chain.  The  screw  counterbalance  weight  of  the  pen  is 
adjusted  so  that  the  end  fitted  with  the  hanging  weight  is  slightly 
the  heavier,  and  so  that  when  the  support  of  the  actuating  lever  is 
withdrawn  the  hanging  weight  is  free  to  descend  until  it  touches  the 
disk  of  the  recorder  bell;  when  in  position  the  weight  is  held  up  and 
kept  there  by  the  projecting  end  of  the  black  actuating  lever,  which, 
when  in  its  socket,  is  about  at  right  angles  to  the  pen  arm.  The 
black  arm  with  weight  suspended  by  chain  is  fitted  in  the  pillar, 
which  is  over  the  back  or  siphon  tank  a,  so  that  the  weight  hangs 
over  the  tank,  and  can  thus  be  lifted  by  the  rising  of  the  float  h  in 
the  tank,  and  the  pen  arm  released.  The  pen  thus  descends  at  the 
last  moment  of  the  stroke  of  the  analyzer  bell,  so  as  to  allow  for  the 
dispersion  of  the  heat  generated  by  the  combination  of  the  CO,  with 
the  KOH.  Rut  the  pen  on  its  fine  points  into  the  grooved  cradle 
provided,  ^nd  see  that  the  black  arm  mentioned  is  under  the  pen 
arm  and  supporting  it. 

98798°— BuU.  91—16 3 
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The  pen  arm  should  be  of  such  a  len^h  that  the  pen  point  will 
swing  over  the  exact  center  of  the  chart.  When  the  pen  is  at  rest 
see  that  the  levers  rest  lightly  on  the  ends  of  the  adjusting  screws^ 
and  that  there  is  no  play  between  the  ends  of  these  screws  and  the 
lever  arms,  the  pen  movement  being  held  rigidly  in  place:  This 
adjustment  becomes  at  once  apparent  when  the  pen  mechanism  is 
himg  in  place.  See  that  the  point  of  the  pen  on  this  rest  position 
stands  about  three-sixteenths  to  one-fourth  inch  to  the  right  of  or 
below  the  zero  line;  that  is,  about  — 2  per  cent  on  the  chart.  The 
adjusting  screws  can  be  lowered  or  raised  to  make  this  adjustment. 

FINAL  ADJUSTMENT  OF  IN8TBUMBNT. 

The  final  adjustment  of  the  instrument  can  now  be  made.  The 
water  is  turned  on  with  such  a  pressure  that  the  machine  records  its 
maximxmi  number  of  records  per  hour — ^about  16  or  17.  Greater 
pressure  will  prevent  the  siphon  from  stopping,  and  the  cycle  will 
never  be  made.  As  all  connections  have  been  made,  the  instrument 
will  now  be  nmning  on  the  flue  gas.  The  first  stroke  will  create  the 
proper  levels  in  the  tanks,  the  excess  flowing  in  the  bottles  provided. 
Note  the  temperature  and  the  draft  as  recorded  in  the  telltale  bottle. 
This  draft  will  represent  the  average  draft,  and  the  temperature 
should  be  an  average  one.  Bell  jar  }  (fig.  3)  will  be  rising  to  some 
point  on  the  boxwood  scale,  but  not  up  to  the  zero  mark. 

See  that  the  pen  point  registers  on  the  chart  the  exact  point  where 
the  edge  of  the  jar  is  registering  on  the  boxwood  scale.  Adjust  en- 
tirely by  means  of  the  small  brass  nut  that  strikes  the  jar.  Stop  the 
instrument,  if  necessary,  at  the  point  in  the  cycle  when  the  pen  is 
registering  so  that  it  can  be  ascertained  that  the  jar  and  pen  are 
registering  the  same  at  any  moment  when  the  striker  rod  is  resting 
on  the  jar.  Disconnect  rubber  joint  c  (fig.  5),  throwing  the  instru- 
ment on  air.  While  the  instrument  is  running,  by  means  of  an 
adjustable  pinchcock,  slowly  close  c  imtil  the  telltale  bottle  shows 
the  same  draft  as  when  running  on  flue  gas.  The  pen  (and  jar) 
should  register  zero  at  the  end  of  each  analysis.  If  not,  adjust  by 
means  of  the  weighted  adjusting  arm  on  balance  arm  8  (fig.  3). 
Twisting  away  from  the  fxdcrum  wiH  cause  the  jar  to  rise  higher. 

After  all  adjustments  have  been  made,  operate  the  instrument  for 
about  30  minutes,  being  careful  to  see  that  the  telltale  bottle  registers 
the  proper  draft,  which  may  require  carefxd  adjustment.  Next, 
remove  the  pinchcock  from  the  connection  c  (fig.  5).  The  telltale 
bottle  will  now  show  no  draft.  Operate  for  another  30  minutes  and 
note  where  the  pen  registers.  It  will  be  somewherfe  below  zero, 
depending  on  the  amount  of  original  draft.  Afterwards,  to  check 
the  zero  point  the  instrument  can  be  thrown  on  air  at  no  draft  and 
made  to  register  this  minus  point  as  foimd.     It  is  well  to  check  this 
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point  every  few  days  and  particularly  when  there  is  much  tempera- 
ture change.  The  instrument  can  now  be  thrown  on  the  flue  gas  for 
continuous  running. 

mSCELLANEOnS  INSTRUCTIONS. 

Wind  the  clock  every  week.  It  runs  for  eight  days.  Do  not  over- 
wind. The  dock  is  r^ulated  before  being  sent  out^  and  can  be  kept 
in  adjustment  by  the  r^ulator  in  the  usual  manner. 

Every  morning  fill  up  the  tanks  with  water  to  make  up  for  evap- 
oration, allowinp  the  excess  to  flow  out  as  before.  In  a  later  type, 
an  automatic  arrangement  for  keeping  these  levels  constant  is  in  use. 
Unless  a  maximum  of  two  drops  per  cycle  and  exactly  the  same 
amount  of  water  per  cycle  can  be  made  to  flow  by  the  adjustment 
valve,  the  other  method  would  better  be  ui^ed,  as  this  flow  affects 
the  reading. 

Every  morning  open  pinchcock  I  (fig.  3)  to  keep  the  KOH  level 
constant,  as  water  forms  from  the  chemical  action  involved,  raising 
the  level  continually. 

If  the  chart  curls,  leave  the  doors  open  slightly.  Watch  the  con- 
dition of  the  joint  of  the  cover  on  the  KOH  tank,  which  may  leak. 
This  will  cause  the  instrument  to  read  high. 

'*SARCO''   AUTOMATIC  COMBUSTION    (cOj)   RECORDER.      INSTRUMENT  3. 

DESCRIPTION   OF  OPERATION   OF  INSTRUMENT. 

For  the  ^'Sarco''  automatic  combustion  (CO,)  recorder  the  power 
required  is  derived  from  a  fine  stream  of  water  at  a  head  of  about  2 
feet.  The  water  enters  the  instnunent  at  8  (fig.  6)  through  the 
small  glass  injector  9.  Of  the  latter  several  are  provided,  having 
apertiu*es  of  different  sizes,  and  by  using  different  sizes  the  speed  of 
the  machine  may  be  adjusted  at  will. 

The  water  flows  through  tube  74  into  the  power  vessel  8S;  here  it 
compresses  the  air  above  the  water  level,  and  the  pressure  is  trans- 
mitted to  vessel  87  through  tube  78.  The  pressiure  thus  brought  to 
bear  on  the  surface  of  the  liquid  with  which  vessel  87  is  filled  to  mark 
9S  sends  the  liquid  upward  through  tubes  91  and  93. 

Thence  it  passes  up  into  vessels  77,  66,  68,  and  67,  and  into  tubes 
51,  52 J  and  49.  It  rises  until  it  reaches  the  zero  mark  71,  on  the 
narrow  neck  of  vessel  67.  At  the  moment  it  reaches  this  mark 
the  power  water,  which,  simultaneously  with  rising  in  vessel  74,  has 
also  traveled  upward  in  siphon  72,  will  have  reached  the  top  of  this 
siphon,  which  then  begins  to  operate. 

Through  siphon  72  a  much  larger  quantity  of  water  is  disposed 
of  than  flows  in  through  injector  9,  so  that  the  power  vessels  74  and 
82  are  rapidly  emptied.  ♦ 


18  INSTRUMENTS  FOE  BECOBDIKO   CABBON  DIOXIDB. 

The  moment  the  pressure  on  vessel  87  is  thus  released,  the  liquids 
return  from  their  respective  tubes  into  this  vessel. 

Tube  ^  b  as- 
sumed to  be  in  con- 
nection with  a  sup- 
ply of  flue  gas;  a 
sample  of  the  gas  is 
drawnfrom  thecon- 
tinuous  stream  that 
passes  through  ^, 
45,  and  4^,  as  the 
liquid  recedes  in  4^, 
by  the  partial  vac- 
uum created  by  the 
falling  of  the  fluid. 

As  soon  as  the 
liquid  has  dropped 
below  point  76, 
which  is  the  inlet  of 
the  flue  gas  into  ves- 
sel^.the  gas  rushes 
into  this  vessel  and 
its  connections. 

As  soon  as  the 
flow  in  the  siphon 
stops,  vessel  8S  be- 
gins to  fill  again, 
and  the  liquids  in 
tubes  91  and  9S  rise 
afresh.  The  gas  in 
67  and  68  is  now 
forced  into  tube  50, 
and  caused  to  bub- 
ble through  a  solu- 
tion of  caustic  pot- 
ash (specific  grav- 
ity 1 .27)  with  which 
vessel  94  is  filled  to 
point  64,  marked 
on  the  outaide. 

Fiomi  e.— Parti  and  connectlonji  of  Barm  aulomatlc  rombiDtiim  (COi)  Xn     this      pFOCeSS 

"^"-  any  CO,  that  may 

be  contained  in  the  gas  is  readily  absorbed  by  the  potash.  As  the 
gas  has  to  pass  through  the  potash,  the  absorption  is  rapid  and 
complete. 
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The  remaining  part  of  the  sample  collects  in  6£,  and  passes  up 
through  60  into  tubes  S7  and  68.  It  can  not  pass  out  at  69,  as  this 
outlet  is  sealed  by  the  hquid  in  6£. 

The  gas  now  passes  under  the  two  floats  18  and  £6.  As  float  18  is 
lai^er  and  lighter,  it  will  be  raised  first. 

By  turning  the  thumbscrews  14  and  16,  the  stroke  of  this  float  is 
adjusted  until  just  20  per  cent  of  the  whole  of  the  sample  remains  to 
raise  float  £6,  when  nothing  is  absorbed  in  94,  as  would  be  the  case 
if  air  is  passed  through  the  recorder. 

The  latter  float  has  attached  to  it  pen  S6,  which  is  caused  to  travel 
downward  on  the  chart  when  26  rises. 

If  no  CO2  were  contained  in  the  gas,  nothing  would  be  absorbed 
by  the  potash  in  S^,  and  the  whole  of  the  20  per  cent  part  would 
reach  float  26.  Thus  the  pen  would  be  caused  to  travel  the  whole 
depth  of  the  chart  from  the  20  per  cent  line  at  the  top  to  the  zero 
line  at  the  bottom.  Any  CO,  gas  contained  in  the  sample  would  be 
absorbed  by  the  potash,  a  correspondingly  less  quantity  would  reach 
float  26,  and  pen  36  would  not  travel  to  the  bottom  of  the  chart, 
that  is,  the  zero  line. 

Thus  aay  CO,  absorbed  will  be  indicated  by  the  length  of  the  Hues 
on  the  chart. 

On  the  return  stroke  of  the  hquid,  the  gas  is  drawn  from  imder 
floats  18  and  26  through  tubes  57  and  68,  and  into  tubes  69  and  62. 
From  here  it  passes  out  into  the  atmosphere  at  66,  and  through  tube 
61,  as  soon  as  the  liquid  has  fallen  below  the  outlet  of  tube  62. 

Figures  15  and  16  show  instrument  3  as  installed  for  making  the 
tests.  , 

DETAILS   REOARDINO   INSTALLATION. 

The  position  selected  for  the  recorder  should  not  be  exposed  to  great 
heat  or  strong  drafts.  The  temperature  should  be  as  even  as  possible 
and  there  should  be  no  vibration. 

The  filter  provided  with  each  machine  is  inserted  into  the  }-uich 
main  pipe  as  close  to  the  boiler  as  possible.  In  this  position  it  will 
keep  a  maximxun  part  of  the  pipe  system  free  from  soot.  The  in- 
terior of  the  filter  is  filled  with  excelsior  or  horsehair,  which  must 
not  be  packed  tightly,  but  may  be  intersected  by  J-inch  layers  of 
sawdust  if  .the  gases  are  very  dirty.  The  hd  dips  into  a  seal  of 
heavy  oil  or  glycerin,  which  must  be  kept  to  the  level  of  the 
overflow  tc  prevent  air  from  being  sucked  into  the  pipe  system. 
The  filter  is  provided  with  two  three-way  cocks  which  control  the 
inlets  and  outlets  so  that  the  line  can  be  shimted  through  a  by-pass 
pipe,  completely  cutting  off  the  filter.  This  is  to  enable  the  cleaning 
out  of  the  pipe  to  free  it  from  soot  by  means  of  steam  or  air.  The 
lower  part  of  the  filter  forms  a  collector  for  condensed  moisture,  and 
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should  be  emptied  from  time  to  time  by  removing  the  plug  at  the 
bottom.    An  automatic  drain  is  fitted  when  specially  required. 

The  gas  line  is  brought  to  the  recorder  and  the  final  connection  is 
made  by  a  imion  and  a  piece  of  half-inch  pipe.  A  second  pipe  of 
three-fourth  inch  (or,  in  exceptional  cases,  1  inch)  internal  diameter 
is  tapped  into  the  base  of  the  chimney  or  into  the  main  flue,  well 
beyond  the  dampers,  thus  creating  a  complete  by-pass  of  gases 
from  the  boilers  through  the  recorder  and  into  the  chimney.  This 
pipe  should  also  be  provided  with  a  fall  towards  the  recorder,  and 
a  vertical  drain  pipe  with  cock  should  be  fitted,  the  connection  to 
the  recorder  being  made  again  by  a  union  and  J-inch  piping.  The 
matter  of  a  constant  flow  through  this  hne  is  of  vital  importance, 
and  the  exact  draft  on  the  two  sides  of  the  recorder  should  always 
be  ascertained  before  the  final  connections  are  made.  There  should 
not  be  less  than  J-inch  difference  in  favor  of  the  chimney  side,  measured 
when  the  pipe  system  is  complete  and  the  filter  in  circuit  and  ready 
for  use.  If  sufficient  difference  of  draft  is  not  obtainable  the  suction 
through  the  recorder  must  be  induced  by  other  suitable  means  such 
as  a  connection  to  the  suction  side  of  a  fan,  or  an  insertion  of  an  air, 
steam,  or  water  injector  into  the  chunney  pipe.  A  small  U-tube 
indicator  can  be  put  in  parallel  with  the  instrument  to  show  at  any 
time  the  difference  of  draft  available  and  also  to  indicate  when  the 
pipe  line  requires  cleaning.  The  instrument  can,  by  three-way  cocks, 
be  by-passed  to  leave  an  open  line  for  cleaning. 

The  Operation  of  the  apparatus  requires  some  3  to  5  gallons  of  water 
per  hour.  The  water  should  be  clean  and  of  uniform  temperature  and 
pressure.  It  is  preferably  suppUed  by  means  of  a  small  tank  fitted 
with  a  float  valve  and  about  2  or  3  feet  above  the  top  of  the  recorder. 
The  level  of  the  water  in  the  tank  must  be  kept  uniform.  The  con- 
nection to  the  httle  glass  aspirator  9  (fig.  6)  supplied  with  the  machine 
islmade  with  a  small  piece  of  rubber  tubing.  With  each  recorder  are 
sent  a  number  of  aspirators  with  holes  of  varying  sizes,  which  deter- 
mine the  speed  of  the  instrument.  If  the  water  contains  impurities 
the  tank  should  not  be  set  much  above  the  instrument,  so  that 
with  a  low  head  the  size  of  the  aspirator  can  be  large  and  the  aspirator 
will  not  tend  to  clog  frequently.  The  waste  pipe  should  be  of  1-inch 
diameter  and  must  have  an  open  end,  preferably  funnel-shaped,  to 
receive  the  water  from  the  recorder.  A  pipe  should  also  be  provided 
for  draining  the  potash  tank. 

SETTING    UP   OF  THE   INSTRUMENT  PROPEE. 

When  all  the  piping  is  complete  to  the  point  where  the  recorder  is 
to  be  erected,  the  latter  is  himg  on  the  wall  by  means  of  strong  hooks 
or  clamps.  The  recorder  must  be  carefully  leveled  by  the  use  of  the 
small  circular  spirit  level  fixed  in  the  machine,  to  insure  proper 
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working  of  the  pen.  One  of  the  glass  injector  nozzles  9  is  selected 
and  attached  to  the  small  piece  of  tubing  8  sent  loose  with  the  re- 
corder, the  other  end  of  the  tube  being  connected  to  the  J -inch  water- 
supply  pipe  from  the  tank.  The  larger  float  chamber  55  is  filled 
with  pure  hquid  paraffin  (specific  gravity  0.86)  to  the  top  of  the  brass 
clip  2^.  The  paraffin  will  injure  the  rubber  and  must  not  be  spilled 
on  it.  In  case  any  has  been  spilled  the  tube  should  be  wiped  per- 
fectly dry.     Then  the  aluminum  float  should  be  inserted  carefully, 

*  the  end  of  rod  IS  being  screwed  into  the  socket  11  and  locked  there 
by  means  of  nut  12. 

The  float  should  not  be  dented  or  damaged,  and  nuts  16  and  17 
should  be  tight.  Collar  15  with  its  lock  nut  14  should  be  brought 
to  about  the  position  shown  in  figure  6.  The  smaller  float  chamber 
66  should  also  be  filled  with  paraffin  to  the  top  of  cHp  25 ,  and  the  brass 
float  26  inserted.  The  cotton  thread  to  which  the  pen  gear  is  attached 
should  be  placed  over  the  pulley  29,  and  hook  ^  fixed  to  the  float. 
The  length  of  the  thread  is  so  adjusted  that  the  float  is  about  one- 
fourth  inch  from  the  bottom  of  the  vessel  when  the  pen  rests  against 
stop  S2.    The  pen  should  be  given  a  number  of  twists  away  from  the 

.  chart;  the  torque  will  then  keep  it  against  the  paper.  This  twisting 
also  shortens  the  length  of  the  thread,  thus  raising  the  float,  a  detail 
that  must  be  considered  when  adjusting  the  length  of  the  thread. 
Smooth  thread  must  be  used  as  thread  that  is  the  least  uneven  will 
cause  the  pen  to  make  a  crooked  line  owing  to  jerky  movement  over 
the  brass  wheel  29. 

INSTRUCTIONS   RBGARDINO  RECORDING  PARTS. 

In  setting  up  the  recording  part  proper  the  following  instructions 
should  be  observed : 

Wind  the  clock,  paste  one  of  the  charts  together  and  slip  it  over 
the  dock  drums  from  below,  bringing  the  drums  together  by  moving 
lever  44  to  the  right  and  then  letting  it  shde  back  gently.  Set 
the  chart  by  sliding  it  so  that  the  pen  points  to  the  time  of  day. 
Adjust  the  length  of  rod  SS  until  the  point  of  the  pen  rests  exactly 
on  the  20  per  cent  line.  Fill  the  container  with  ink  through  hole  S7. 
Assist  the  passage  of  this  to  the  pen  by  removing  the  latter  and  pas- 
sing the  wire  provided  through  tube  35.  Moisten  also  the  lips  of 
the  pen  with  ink.  If  the  lin6  produced  is  too  fine,  open  the  lips  very 
carefully  by  the  use  of  the  fine  blade,  only  sufficiently,  however,  to 
be  just  perceptible.  Mix  one  part  of  the  glycerin  accompanying 
the  instrument  with  three  parts  of  water,  and  fill  vessel  87  nearly 
fuU,  or  to  point  95  indicated  in  figure  6.  Dissolve  in  a  strong  earthen- 
ware or  glass  jar  all  the  potash  sent  with  the  recorder,  using  43  ounces 
of  water,  preferably  distilled.  Pour  in  the  water  and  add  the  potash 
gradually,  a  few  sticks  at  a  time,  stirring  the  solution.     It  becomes 
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hot  while  the  potash  is  dissolving  and  must  he  allowed  to  cool  hefore 
it  is  poured  through  funnel  61  into  vessel  9^,  The  latter  should  be 
Med  exactly  to  the  little  glass  projection  64  on  the  lower  end  of  the 
funnel  tube.  If  too  much  has  been  added,  the  excess  should  be 
drained  off  by  opening  clip  96,  The  specific  gravity  of  any  solu- 
tion prepared  subsequently  should  be  1.27. 

FINAL  ADnjSTKENTS. 

Instructions  as  to  the  final  adjustments  of  the  instrument  are  as 
follows: 

Take  out  plugs  1  and  2,  setting  cocks  4  and  6  to  cut  off  the  line 
and  let  in  air.  The  temperature  of  the  instrument  must  be  that  at 
which  it  will  be  operated;  if  the  temperature  changes  from  day  to 
night,  the  instrument  should  be  set  for  the  average  temperature. 

Turn  on  the  water  through  nozzle  9  into  tube  7^.  As  the  water  rises 
in  82  it  will  compress  the  air  above  the  water  level  and  through 
tube  78.  This  pressure  will  act  on  the  liquid  in  S7,  forcing  it  up 
tubes  91  and  9S,  The  liquid  should  rise  exactly  to  zero  mark  71  on 
the  neck  of  measuring  tube  67 j  that  mark  being  reached  at  the  moment 
when  the  water  in  siphon  72  reaches  the  top  and  the  siphon  begins 
to  operate.  Should  the  Uquid  go  higher  or  lower,  adjust  the  position 
of  siphon  72  after  slackening  clip  7S.  Raising  the  siphon  will  cause 
the  liquid  in  67  to  travel  higher,  and  vice  versa. 

Adjust  until  the  average  is  at  mark  71.  In  making  this  adjust- 
ment care  must  be  taken  not  to  raise  the  siphon  so  high  as  to  force 
the  liquid  over  through  elbow  60  into  the  potash  solution,  as  that 
would  be  spoiled.  See  that  the  point  of  the  pen  stops  exactly  at 
zero  on  the  diagram  at  the  moment  the  liquid  reverses.  If  not, 
adjust  collar  16]  to  lower  the  collar  wiU  cause  the  pen  to  descend 
farther,  as  more  of  the  gas  will  be  apportioned  to  the  brass  bell, 
causing  it  to  rise  higher. 

About  30  records  per  hour  can  be  taiken.  It  is  not  desirable  to 
exceed  this  speed  as  the  CO,  will  then  pass  through  the  KOH  too 
fast,  especially  when  the  -solution  is  becoming  weak;  moreover  the 
liquid  piston  tends  to  form  more  bubbles.  Too  slow  a  speed  is  also 
undesirable  as  the  Uquid  forced  up  from  87  then  rises  too  jerkily, 
and  its  levels  do  not  average  so  well  at  the  time  of  siphoning.  The 
instrument  should  be  running  at  the  same  speed  when  it  is  adjusted 
as  when  in  service. 

When  adjusting  see  that,  as  the  liquid  rises  in  77,  no  bubble  pre- 
cedes the  level,  as  this  wiH  cause  the  pen  to  travel  down  too  far. 
Such  bubbles  sometimes  occur  when  the  glycerin  solution  gets  heavy 
after  some  months  of  use,  and  the  bubbles  do  not  break  well  at  77. 
See  that  66  is  held  in  place  by  75;  its  action  can  be  checked  by  seeing 
that  52  is  closed  by  the  rising  liquid  in  77  at  the  instant  the  level  in 
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57  is  at  the  mark  100  on  that  vessel.  Operate  for  about  one  hour 
after  all  adjustments  have  been  made. 

The  recorder  can  now  be  connected  to  the  gas  line.  Examine  all 
rubber  connections  to  see  that  there  is  no  possibility  of  leakage. 
Painting  all  rubber  joints  and  stoppers  with  asphaltum  paint  will 
doubly  insure  against  leakage.  In  the  latest  machines  the  stirrup 
(45,  4Sy  4^)  has  been  developed  into  a  filter  to  prevent  particles  of 
soot  entering  the  recorder. 

The  filter  is  charged  with  glass  wool,  which  must  be  taken  out 
occasionally  and  washed.  Wind  the  clock  daily  and  keep  the  pen 
filled  with  ink.  The  levels  of  the  different  liquids  should  be  watched 
carefully.  The  KOH  solution  forms  water  in  reacting  with  CO2,  so 
that  the  level  of  the  solution  rises  a  little  each  day.  The  higher 
level  affects  the  reading,  and  unless  the  level  is  at  64  the  recorder 
will  not  register  correctly.  The  level  should  be  adjusted  daily. 
Add  water  to  the  glycerin  solution  when  it  gets  low  in  87.  Keep  the 
paraffin  about  the  bell  jars  at  the  same  level  as  when  the  zero  was 
adjusted. 

THE  ''tELEZOMETER"  CO,  RECORDER.   INSTRUMENT  4. 

DESCRIPTION   OF  RECORDER. 

The  ''Telezometcr''  CO,  recorder  is  described  with  reference  to 
figiu-es  7  and  8.  In  figure  7,  e  and  /  represent  two  centrifugal  fans 
driven  by  the  constant-speed  electric  motor  g.  Fan  •/  draws  in  sur- 
rounding air  through  inlet  Ti  and  forces  it  out  through  outlet  Ic;  fan  e 
draws  in  flue  gas  through  inlet  pipe  m  and  forces  it  out  through 
outlet  J.  There  exists,  therefore,  a  difference  of  pressure  between 
A  and  Jc  and  between  m  and  j.  These  differences  of  pressure  vary 
with  the  density  of  the  fluid  medium.  As  the  CO2  component  of 
flue  gas  is  much  heavier  than  any  other  constituent,  the  density  of 
the  flue  gas  varies  with  its  CO,  content.  Referring  to  figure  8,  the 
movement  of  the  lever  w  is  caused  by  the  resultant  of  the  four  static 
pressures,  m,  j,  Jc,  and  A,  acting  on  the  bell  jars  arranged  as  shown. 
The  movement  of  this  lever  is  recorded  by  the  pen  t  on  the  clock  chart 
<R  m  percentages  of  CO,. 

In  figure  8  the  bell  jars  i, ;?,  5,  and  4  are  represented  as  floating  in 
separate  vessels,  whereas  in  reality  1  and  2  float  in  one  tank  and  3 
and  4  ^  another.  The  regulation  of  the  inlet  and  outlet  pressures 
of  the  air  fan/ is  accompUshed  by  means  of  the  pin  valve  at  A,  figure  7. 
Through  this  regulation  the  instrument  can  be  adjusted  tu  its  zero 
position  when  both  fans  are  circulating  air.  Paraffin  oil  used  in  the 
two  tanks  is  shown  at  y. 

The  remaining  parts  of  the  apparatus  are  shown  in  figure  7,  as 
follows:  a,  gas  fiilter;  o,  o\  drains  from  the  two  tanks  in  which  the 

98798**— BuU.  91—16 4 


24 


INSTRUMENTS   FOB  BECORDING   CARBON   DIOXIDE. 


bell  jars  float;  p,  p',  overflows  for  these  tanks;  r,  manometer  inserted 
in  the  line  m  for  special  purposes  in  testing;  d,  special  gage  showing 
the  difference  of  pressure  between  h  and  Jc,  used  only  for  testing 
purposes;  n,  electric  line  to  motor;  Cf  case  containing  tanks  and 
recording  mechanism;  Zy  lead  connecting  tubing. 

Because  of  the  difficulty  of  maintaining  the  necessary  operating 
conditions  in  service  no  instructions  regarding  the  erection  and  oper- 
ation of  this  machine  are  given  herein. 

Figure  15  shows  instrument  4  as  installed  for  the  tests. 


Figure  7.— Arrangement  of  parts  ahd  connections  of  "Teleiometftr  "  COs  recorder. 

UEHLING   CO3    MACHINE.      INSTRUMENT  5. 

DESCRIPTION. 

The  Uehling  COj  machine  may  be  explained  by  reference  to 
figures  9  and  10,  in  which  the  letters  and  numbers  correspond.  The 
instrument  is  really  an  open  pipe  line  in  which  pressures  (below 
atmospheric)  are  measured  at  diBFerent  points.  The  line  has  been 
given  its  present  shape  for  the  sake  of  compactness.     If  suction  ia 
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created  by  any  means  at  C"  (fig.  9),  gas  will  tend  to  flow  through 
the  line,  entering  at  filter  D.  At  manometer  M  the  pressure  on  the 
line  is  measured.  The  gas  passes  through  valve  J,  and  the  pressure 
is  measured  again  at  S.  Here  it  meets  an  auxilliary  suction,  C,  and 
tends  to  divide,  the  division  depending  on  the  relative  suctions. 

Thence  the  gas  passes  through  valve  2,  through  the  small  cotton 
filter  F,  through  the  steam  pot  X  where  it  is  heated  to  a  constant 
temperature     and 
then  meets  a  high  |\. 

resistance    in    the  I      ^ 

form  of  the  orifice 
A.  The  gas  next 
passes  through  the 
caustic  N,  after 
which  the  pressure 
in  the  line  is  again 
measured,  this 
time  by  L,  G,  and 
P.,  Z,  (?,  and  P, 
being  the  water 
scale  at  the  front 
of  the  instrument, 
the  boiler-room  in- 
dicator, and  the  chart  recording  gage,  each  measures  pressure.  The 
gas  now  passes  through  another  small  cotton  filter  F\  again  through 
the  steam  pot  X,  where  it  assumes  again  its  original  constant  tem- 
perature, then  meets  another  high  resistance  at  orifice  B,  Finally  it 
passes  through  valve  4  out  through  the  suction. 

The  method  of  obtaining  the  suction  C  and  C  can  be  seen  from 
figure  10.  If  valves  5  (to  let  in  air),  /,  2,  and  4  are  open  and  valve  5 
is  slowly  opened,  a  suction  is  produced,  and  atmospheric  pressure 
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Arrangement  of  bell  jars  and  connections,  "Telezometer''  COs 

recorder. 


^f^-Fl 


SncUoD 
Figure  9.— Diagram  of  essential  parts  of  Uehling  CG*  machine,  ar^-anged  as  a  train. 

on  the  water  in  //  is  lowered.  As  the  suction  becomes  great  enough, 
air  flows  in  through  the  center  tube  a  and  relieves  the  suction.  At 
the  same  time  air  flows  in  through  the  line,  owing  to  the  suctions  C 
and  C,  The  pressiire  of  the  suction  is  registered  by  tube  v.  Now 
if  manometer  S  is  held  constant  by  valve  5,  a  certain  flow  of  gas  is 
induced  through  the  recordmg  line;  and  the  gas  is  kept  at  a  constant 
temperature  by  being  heated  at  two  points  just  before  it  passes 
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through  its  highest  resistance.  L,  G,  and  P  will  be  registering  a 
pressure  varying  between  G  and  C",  depending  on  the  resistance  on 
either  side.  If,  for  any  reason,  L  shows  a  higher  level  at  one  time 
than  another,  the  indication  is  that  the  pressure  is  nearer  to  C", 
that  is,  that  the  resistance  at  .il  or  F  or  A^  has  increased ;  if  L  shows  a 
lower  level  at  one  time  than  at  another,  the  resistance  F'  or  B  has 
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increased.  If  gas  containing  CO,  now  flows  through  the  line  it  will 
give  up  part  of  its  volume  at  N,  This  conditiun  could  be  considered 
as  the  resistance  between  L  and  C"  being  decreased,  so  that  the  level 
of  the  liquid  at  L  will  be  higher.  And  so  it  is  necessary  only  to  mark 
on  a  scale  at  L,  G,  or  P  the  level  of  the  liquid  for  a  gas  of  a  tmown  CO, 
content, 
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ADJUSTINO  THE  WATER  LEVELS. 


The  various  water  levels  are  now  ready  to  be  adjusted.  See  that 
the  recording  line  is  cut  off  by  closing  4  and  S.  Have  /  and  8  open. 
Turn  on  steam  through  the  aspirator  R  by  means  of  valve  1;  see  that 
valve  55  (fig.  11 )  is  giving  off  vapor.  Now  open  valve  5  (fig.  10)  slowly 
until  manometer  S  registers  at  the  pointer.  A  slight  bubbling  noise 
will  be  heard  in  H,  and  the  level  of  the  water  in  manometer  v  will  be 
somewhere  below  mark  r.  This  level  should  be  raised  until  it  is  about 
one-half  inch  above  mark  r,  by  letting  more  water  be  sucked  through 
valve  6y  from  jar  /.  This  raises  the  head  on  relief  tube  a,  and  level  r 
comes  up.  If  too  much  water  runs  in,  valve  7  should  be  opened  and 
the  water  let  out  4ihrough  the  drain.  If  the  water  is  let  out,  the 
steam  should  be  shut  off. 

Now  open  cocks  4  ^Jid  £.  L,  0,  and  P  will  register  somewhere 
near  2sero.  Fill  JE  until  the  bottom  of  the  rod  SI  is  just  touching  the 
water.  Now  check  v  and  8,  Before  adjusting  for  zero,  the  instru- 
ment must  be  tested  for  leaks.  By  closing  valve  S  the  pressure  in 
the  line  is  much  reduced,  and  the  level  at  L  climbs  up ;  when  it  reaches 
a  point  about  6  inches  above  the  20  per  cent  line,  close  cock  4-  Let 
the  levels  of  L,  0,  and  P  come  to  a  standstill.  They  should  remain 
there  unless  there  is  a  leak  in  the  instrument.  If  the  levels  will  stand 
at  the  15  per  cent  line  for  several  minutes,  the  adjustment  is  satis- 
factory for  practical  working. 


TESTINO  FOB  LEAKS. 


If  a  leak  is  indicated,  it  will  probably  be  in  the  connections  made 
when  setting  up.  These  should  be  gone  over  carefully.  Each  unit 
can  be  tested  for  leaks  indc^pendently  if  necessary.  A  leak  is  most 
likely  to  occur  in  the  joints  of  the  absorption  chamber  N  which  holds 
the  caustic  carton.  Before  looking  elsewhere  for  a  leak,  make  sure 
that  absorber  N  is  properly  placed,  and  that  the  rubber  rings  are  in 
their  proper  position.  All  connections  are  of  drawn-copper  tubing 
with  a  soft-copper  flange  and  brass  nut  on  each  end.  Connection  is 
made  with  a  hard-brass  knife-edge  surface  which  cuts  into  the  soft 
copper,  thereby  making  a  joint  absolutely  tight.  If,  for  any  reason 
a  connection  is  taken  apart,  care  must  be  taken  that  the  knife  edge 
fits  into  the  same  groove  that  was  made  in  the  copper  flange  when 
connection  was  first  made. 

To  blank  off  the  boiler-room  gage,  disconnect  near  filter  F'.  Close 
the  opening  made  by  the  removal  of  the  tubing  by  a  copper  blanking 
disk  and  nut.  Try  the  machine  again  for  leaks.  To  test  the  indi- 
cator alone,  disconnect  the  tubing  at  i5  and  place  the  tubing  in  the 
mouth.  Suck  up  the  column  of  oil  until  it  reaches  the  20  per  cent 
line,  and  dose  the  opening  with  the  tongue.  If  the  column  stands 
steadily  the  leak  is  in  the  tubing  or  connections;  if  not,  the  leak  is  in 
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the  indicator  itself  in  the  joint  between  top  piece  15  and  the  glass  tube. 
This  top  piece  with  glass  tube  can  be  removed  by  loosening  the  set 
screw.  The  joint  between  the  glass  tube  and  the  top  piece  is  made 
by  means  of  a  rubber  gasket  on  the  glass  tube  with  a  washer  and  nut. 
In  the  same  manner  the  recording  gage  can  be  blanked  off. 

To  test  the  recorder  alone,  disconnect  the  tubing  at  the  top  of  the 
recorder.  Screw  off  the  recorder  name  plate.  Through  the  opening 
in  front  lift  up  the  counterweight  until  the  pen  point  reaches  the  20 
per  cent  line.  Close  the  opening  at  the  top  of  the  gage.  The  pen 
should  not  sink.  The  most  likely  leak  is  about  cap  ^7.  If  there  is 
reason  to  believe  that  the  leak  is  in  the  machine  proper,  go  over 
the  line  carefully,  tightening  up  connections,  caps,  etc.  There  is 
small  chance  for  a  leaky  valve,  but  should  a  valve  leak,  the  leak  can 
be  stopped  with  a  little  vaseline.  To  make  sure  that  the  leak  is  not  in 
the  absorber  N^  disconnect  copper  tube  t,  blank  off  the  bottom  con- 
nection of  the  absorber  N  with  nut  and  disk  and  test  for  the  leak 
in  the  ordinary  way.  In  this  manner  and  by  ways  that  easily 
suggest  themselves  a  leak  can  be  traced  and  fixed.  Asphaltum  paint 
can  be  used  to  good  advantage  in  many  places.  Not  much  trouble 
should  be  experienced  from  leaks. 

ADJUSTING  FOR  ZERO. 

To  adjust  for  zero,  the  following  method  should  be  used.  Let  the 
machine  run  on  air  for  about  15  minutes.  See  that  the  levels  in  S,  v, 
and  K  are  correct.  If  it  is  necessary,  lift  the  pen  of  the  recording  gage 
to  raise  the  float  from  its  seat,  to  which  the  float  sometimes  sticks. 
The  chart,  the  boiler-room  gage,  and  the  instrument  gage  should  read 
somewhere  near  zero.  Close  valve  4  for  an  instant,  long  enough  to 
allow  the  Uquid  in  water  gage  L  to  drop  one-half  inch;  then  open 
again  and  let  the  Uquids  in  all  gages  come  to  rest.  Note  their  posi- 
tions, and  repeat  a  few  times.  Let  them  stand  10  minutes,  then 
move  the  scale  on  the  instrument  to  make  its  zero  point  at  the  water 
evel  in  i,  slide  the  small  pen  of  gage  P  on  its  support  so  that  it  will 
register  correctly,  and  adjust  the  boiler-room  gage  by  twisting  16. 
The  oil  moves  rather  slowly  and  it  may  take  some  time  to  adjust  16. 

The  instrument  can  now  be  trhown  on  the  gas  by  closing  8,  and  the 
CO,  content  can  be  registered.  Manometer  tube  Jf  shows  the  suction 
on  the  gas  line.  It  should  not  go  over  1^  inches.  Too  great  asuction 
is  probably  due  to  filter  125  (fig.  12)  being  clogged.  If  the  gas  line 
becomes  clogged  the  tube  will  bubble,  thus  relieving  the  line.  In 
continuous  running  the  condition  of  the  carton  N  (fig.  10)  can  be 
told  by  the  position  of  the  zone  of  highest  temperature  upon  it. 
CO3  combines  with  KOH  with  an  evolution  of  heat,  and  this  heat 
zone  in  a  fresh  carton  will  be  at  the  bottom  where  the  gas  enters. 
As  the  caustic  is  used  up  the  zone  of  reaction  or  the  heat  zone  moves 
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up.  The  heat  zone  can  easily  be  followed  with  the  hand,  unless  the 
room  is  cool  and  the  percentage  of  CO,  is  low,  and  when  the  zone 
gets  to  the  top  the  carton  is  used  up.  In  stopping  the  machine  close 
6  ahead  of  i,  as  otherwise  the  steam  may  condense  and  be  sucked 
into  H,  thereby  raising  the  water  level  in  H, 

1II8CELLANEOUS   DIRECTIONS. 

Wind  the  clock  daily.  Filter  125  (fig.  12)  should  be  replaced  as 
necessary,  depending  on  the  condition  of  the  flue  gas  sampled.  If 
there  is  any  discrepancy  between  the  indication  of  the  recording  gage 
and  that  of  the  water  column  at  i,  a  discrepancy  most  apt  to  occur 
when  the  CO,  content  is  between  10  and  16  per  cent,  it  will  be  neces- 
sary to  set  the  gage  at  these  points,  correcting  for  the  difference,  rather 
than  at  zero.  The  difference  will  not  involve  an  indication  of  more 
than  0.5  per  cent  CO,. 

After  some  time  of  continuous  running,  differences  in  indications 
may  appear.  If  the  water  level  in  bulb  8  (fig.  10)  is  high,  make  sure 
that  the  water  level  in  JSTis  right.  Adjust  valve  5,  making  sure  that 
the  suction  in  v  is  not  broken  by  closing  5  too  much.  If  the  level  in  bulb 
S  is  still  high,  take  out  core  of  cockJ  and  makesure  aperture  £'is  clean. 
If  cleaning  aperture  E  does  not  bring  the  6-inch  suction  in  S  down  to 
the  index,  then  the  cotton  in  filter  D  may  be  packed  too  tightly  or  may 
have  gotten  wet  from  the  water  in  the  U-bulb  Jf.  To  clean  filter  D, 
open  it  at  the  bottom.  When  clean  cotton  is  replaced,  be  sure  that 
it  is  put  in  loosely.  In  replacing  the  cap  be  sure  that  a  tight  joint  is 
made  by  means  of  a  rubber  gasket.  If  the  suction  bulb  is  low  after 
adjusting  valve  5,  make  sure  that  the  core  of  the  cock  J  is  not  loose 
and  that  the  connecting  points  of  copper  tubes  u  and  I  are  tight. 

Each  time  a  new  carton  is  inserted  tost  for  leaks  and  adjust  for  zero 
as  described.  The  cartons  have  different  resistances  and  each  new 
carton  may  change  the  zero  adjustment  slightly.  Also  in  course  of 
time  the  zero  may  get  so  high  as  not  to  be  reached  by  the  sliding  scale. 
The  variation  is  due  to  aperture  A  or  filter  Fgetting  clogged.  Change 
the  cotton  in  filter  F  and  make  a  good  joint  when  replacing  the  cap. 
If  the  zero  is  still  high,  take  out  aperture  A.  Break  the  connection 
between  tube  t  and  22  and  screw  out  the  nut,  when  the  apertm^e 
holder  can  be  pulled  out.  Hold  the  aperture  piece  under  a  jet  of  dry 
clean  steam  such  as  would  issue  from  the  full  pressure  line  through  a 
pet  cock.  A  pet  cock  for  this  purpose  should  be  put  up  permanently 
in  some  convenient  place.  The  aperture  piece  can  be  held  by  means 
of  a  clean  pair  of  pliers.  Allow  steam  to  play  on  the  platinum  center 
of  the  aperture  piece  for  16  to  20  seconds  on  each  side.  Do  not  touch 
the  tiny  hole  with  anything,  as  around  its  edges  is  a  selvage  that  may 
be  bent  over,  thus  changing  the  size  of  the  orifice.    The  piece  should 
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be  held  no  f artlier  than  an  inch  or  two  from  the  nozzle  of  the  pet 
cock. 

Replace  the  aperture  piece  in  the  holder  in  its  original  position. 
See  that  it  fits  in  the  holder  just  tight  enough  so  as  not  to  fall  out  when 
the  holder  is  turned  over.  After  several  replacements  the  copper  may 
bulge,  owing  to  the  pressure,  and  may  become  too  tight  in  the  holder. 
It  then  can  be  filed  down.  When  replacing  the  holder,  make  sure 
that  the  steel  key  on  its  surface  will  be  in  line  with  the  groove  for  it  in 
the  casting.     Push  the  holder  into  place  and  tighten  the  nut.    The 

joint  is  made  tight  by  the  knife 
edges  of  the  holder  and  the  casting, 
which  embed  themselves  into  the 
copper  of  the  aperture  piece;  hence 
the  nutshould  carefully  be  set  tight. 
Figure  16  shows  instrument  5 
installed  for  the  tests. 

SETTINO  UP  THE   INSTRUMENT. 

The  instrument  must  stand  firmly 
and  should  be  at  least  18  inches 
from  the  wall  and  so  placed  that 
the  scale  can  be  easily  observed 
(fig.  11).  The  condensing  filter 
should  be  fastened  by  means  of  a 
bracket  to  the  side  of  the  boiler  or 
elsewhere  in  a  position  where  the 
bell  89  (fig.  12)  can  be  easily  reached. 
A  ^inch  water  pipe,  128j  must  be 
connected  as  shown  in  figure  12  and 
should  be  suppUed  with  a  valve,  72. 
Tee  78  should  be  connected  with  a 
dram  by  means  of  a  J-inch  iron 
pipe,  134,  The  drain  should  be 
led  to  a  place  where  the  outflow- 
ing water  can  be  seen,  so  as-  to  make  sure  that  water  is  flowing 
through  the  condenser. 

HOW   CONDENSING   FILTER  FUNCTIONS. 

Figure  12  clearly  shows  the  function  of  the  condensing  filter.  The 
water  enters  through  the  flexible-rubber  connection  76 ^  passes  through 
81 ,  at  the  top  of  which  it  overflows  through  pipe  83,  The  water  then 
fills  the  seal  8 4,  whence  it  overflows  into  the  bottom  seal  86 j  leaving 
finally  through  pipe  13^,  The  gas  passes  through  88  to  82  to  132 
to  133 J  thence  through  the  filter  125,  from  which  it  leaves  through 


Figure  11.— Diagram  showing  how  Uehling  C0» 
machine  should  be  set  up. 
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the  Sexible  connection  75  and  anires  at  the  instnunent  hy  means 
of  the  1-inch  gas  pipe  56.  The  flexible  gas  connection  75  makes  it  pos- 
sible to  lift  the  bell  89  out  of  the  water  seal  84 .  The  cylindrical  filter 
1S5  can  then  easily  be  removed  and  replaced.  Each  condensing  filter 
is  supplied  with  two  cylindrical  filters  1S5,  one  of  which  is  kept  in 
readiness  and  filled  with  fresh  waste  loosely  packed  to  take  the  place 
of  the  second  as  soon  as  it  becomes  fouled. 


The  1-inch  gas  pipe  56  for  the  gas  from  the  condensing  filter 
(fig.  12)  should  be 
brought  to  the  in- 
strument as  shown 
m  figure  11.  The 
bend  in  the  line  is 
to  catdi  any  vapor 
in  the  gas  that 
might  condense 
during  the  opera- 
tion of  the  instru- 
ment: This  con- 
densation can  be  let 
out  through  the  gas 
cock  57.  If  there 
is  more  than  one 
CO,  unit  a  separate 
gas  line,  56,  must 
be  put  up  for  each 
unit.  The  flexible 
gas  coonection  59  is 
furnished  with  each 
unit  and  is  supphed 
with  a  l-inch  nip- 
ple, 58,  to  fit  the  J-inch  gas  line  from  the  boiler!  The  other  end 
of  the  connection  59  is  attached  to  gas  inlet  SS  (fig.  10). 

Dry  steam  must  be  brought  to  the  place  where  the  instrument  is 
to  be  placed.  To  insure  dry  steam  a  separator,  54  (fig.  11),  can  be 
made,  or  a  simple  drop  bleeder  pipe  can  be  used.  The  separator  is 
made  of  a  3-inch  iron  pipe  about  3  feet  long,  with  a  cap  on  each  end; 
a  i-inch  steam  supply  pipe,  1S9  (fig.  11),  should  extend  about 
halfway  down  the  length  of  the  separator;  the  outlet  should  be  a 
1-inch  pipe,.  ISO,  fitted  with  a  l-inch  valve,  /.  It  should  be 
drained  with  a  J-inch  iron  pipe  at  the  bottom,  and  supphed  with 
a  valve,  55.    This  drain  pipe  should  be  led  to  a  point  where  the 
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outlet  is  visible,  so  that  a  slight  vapor  can  be  made  to  flow  con- 
tinually from  the  pipe  by  adjusting  the  valve  66;  the  continuous 
escape  of  a  small  volume  of  vapor  from  pipe  lil  will  insure  dry 
steam.  If  the  simple  bleeder  pipe  is  used,  the  hue  129  is  arranged  to 
drop  vertically  a  few  feet  just  before  reaching  valve  Ij  where  a  tee  is 
inserted,  into  the  outlet  of  which  is  fitted  pipe  ISO.  The  run  is  car- 
ried down  another  foot  and  a  bleeder  valve  is  placed.  This,  like 
valve  66,  should  be  left  partly  open. 

Before  connecting  the  instrument,  blow  out  the  steam  line  to  dear 
it  of  foreign  material. 

Provision  also  must  be  made  to  take  care  of  the  drain  pipe  119. 
If  the  recorder  is  close  to  the  filter,  this  drain  pipe  should  not  be  con- 
nected to  the  filter  drain,  as  the  steam  might  back  up  into  the  filter, 
raising  its  water  level,  flooding  the  filter  waste,  and  cutting  off  the  gas 
supply  to  the  instrument. 

RBTTINO  UP  CO2  RECORDING  OAOB. 

Each  recording  gage  as  shipped  is  ready  to  be  screwed  to  the  wall. 
The  recorder  must  be  so  fastened  to  the  wall  or  gage  board  that  mer- 
cury vessel  43  (fig.  10)  will  be  absolutely  plimib.  After  the  recorder 
is  in  place,  remove  cap  47  by  loosening  clamp  48.  Remove  from  the 
inside  of  the  mercury  vessel  the  block  of  wood  which  is  put  there 
to  hold  bell  4i  ^  place  for  shipment.  After  the  block  of  wood  has 
been  removed,  pour  into  the  opening  at  the  top  all  the  mercury  fur- 
nished for  the  gage.  After  the  mercury  has  been  poured  in,  add  the 
contents  of  the  small  bottle,  a  special  oil  with  which  to  cover  the 
mercury  to  prevent  oxidation.  After  the  mercury  and  oil  have  been 
poured  in,  replace  cap  ^7.  See  that  a  rubber  band  is  around  its  neck 
before  replacing  the  cap,  so  that  a  tight  joint  can  be  made  by  means 
of  clamp  45.     Do  not  force  the  screw  49, 

After  the  cap  47  has  been  properly  replaced,  the  gage  will  be  ready 
for  connection  with  the  main  instrument.  Connection  is  made  by 
means  of  a  -^inch  drawn-copper  tubing  with  flange  and  nut  at 
each  end.  Have  as  few  bends  as  possible  in  this  tube,  which  will 
be  found  in  the  box  with  the  recorder.  One  end  is  joined  to  the 
connection  at  the  top  of  the  recording  gage  and  the  other  end 
to  one  of  the  connections  on  the  filter  F'  at  the  steam  pot  (fig.  10). 
Filter  F'  is  the  small  aperture  filter  with  which  the  top  of  absorption 
chamber  N  is  connected.  All  connection  points  will  be  found  blanked 
off  with  nuts  and  disks,  which  must  be  removed  and  saved  for  possible 
future  use. 

SETTTNO  UP  AUXILIARY  CO3  INDICATOR. 

The  indicator  0  is  usually  screwed  to  the  boiler  front  or  any  other 
place  convenient  for  the  fireman's  observation  to  serve  as  a  guide  in 
firing. 
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After  the  indicator  has  been  properly  fastened,  screw  out  plug  139 
and  pour  into  reservoir  16  the  special  indicator  oil  furnished  with 
the  instrument.  This  oil  will  be  found  in  a  can  marked  ''Special  oil 
for  CO3  indicator.''  The  entire  contents  should  be  poured  into  the 
reservoir  16,  and  the  plug  139  should  then  be  replaced.  The  auxiliary 
indicator  is  connected  with  the  instrument  by  means  of  a  ^inch 
drawn-copper  tube  with  flange  and  nut  at  each  end.  This  tubing 
will  be  found  in  the  box  with  the  main  instrument.  One  end  is 
connected  to  the  top  of  the  indicator  and  the  other  end  to  one  of  the 
connections  on  filter  F'  at  the  steam  pot. 

fHiUno  regulator. 

Before  connecting  the  instrument  with  the  drain  pipe  119  (fig.  11) 
unscrew  plug  51  at  the  top  of  the  exhaust  pipe  W  and  insert  it  into 
the  open  end  of  cross  50.  Open  cock  7.  Insert  a  funnel  into  tee  118 
and  pour  in  exactly  11  gallons  of  clean  water.  Then  close  cock  7, 
take  out  the  plug  that  was  inserted  into  cross  50,  and  replace  it 
tightly  into  fitting  118.  See  that  cocks  6,  5,  4,  and  2  on  the  instru- 
ment (fig.  10)  are  closed  and  that  cock  /  at  the  top  of  the  filter  D  is 
open.  The  core  of  this  cock  must  be  in  such  a  position  that  the 
small  cross  mark  is  horizontal  and  at  the  bottom. 

mSBRTINO  CAUSTIC  CARTON. 

To  insert  the  caustic  carton  I4  (fig-  10),  loosen  wing  nuts  £3  at 
the  top  and  bottom  of  N,  remove  N  from  between  27  and  18  and 
punch  15  to  20  large  holes  into  each  end  of  the  carton  with  a  lead 
pencil.  Put  the  round  rubber  ring  10  around  the  bottom  end  of  the 
carton.  Push  the  carton  into  N  and  replace  N,  making  sure  that  the 
carton  sets  down  against  cap  18,  as  shown  in  figure  10.  A  roimd 
rubber  ring  between  27  and  £8  will  be  found  in  place,  where  it  must 
remain.  The  rubber  ring  at  the  top  is  not  placed  around  the  carton 
and  only  prevents  leakage  between  27  and  28.  Rubber  ring  10  maked 
a  tight  joint  between  17  and  18,  and,  as  the  wing  nuts  are  tightened, 
makes  a  tight  joint  about  the  carton,  preventing  the  passage  of  gas 
around  it. 

Fill  vessel  K  with  clean  water  up  to  index  rod  31.  Connect  the 
aspirator  R  with  valve  1  by  means  of  copper  tube  63  (fig.  11).  This 
tube  is  2  feet  6  inches  long  and  will  be  found  tied  to  the  exhaust  pipe. 
It  can  be  bent  to  fit.  It  has  at  one  end  a  nipple,  126,  that  will  fit  the 
J-inch  valve  /. 

THE   COj   THERMOSCOPE.      INSTRUMENT  6. 

DESCRIPTION. 

The  COj  thermoscope  consists  of  the  following  main  parts:  (1)  A 
cylinder  fitted  with  a  plunger  for  drawing  from  the  flue  the  gas 
mixture  to  be  analyzed;  (2)  a  small  cartridge-shaped  receptacle  con- 
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taining  granular  caustic  alkali,  in  which  the  heat  reaction  occurs; 
and  (3)  a  special  thermometer  with  ita  bulb  constructed  to  surround 
or  jacket  the  cartridge  so  that  the  heat  of  reaction  can  be  imparted 
to  the  mercury,  the  amouat  of  its  expansion 
(read  as  the  percentage  of  CX)j)  being  ob- 
served on  a  movable  scale. 

Figure  13  clearly  shows  the  parts  and  their 
relations.  At  a  is  shown  a  cylinder  fitted 
with  a  piston  and  cup  leathers  and  provided 
with  a  three-way  cock  t  at  its  end. 

The  thermometer  b  is  mounted  on  the 
cylinder  a,  and  the  whole  is  inclosed  by  the 
cylindrical  jacket  r,  which  is  slotted  at  (f  to 
show  the  thermometer  stem.  A  movable 
scale  e,  calibrated  to  show  percentages  of  CX), 
by  volume,  is  arranged  to  sUde  in  the  slot. 

The  thermometer  bulby  is  blown  so  as  to 
form  acylindrical  jacket,  in  which  is  inserted 
the  cartridge  g,  containing  caustic  alkali  in 
the  form  of  a  dry  granular  powder.  When 
the  instrument  is  to  be  used,  the  cartridge 
is  pricked  at  each  end.  In  order  that  the 
gas  under  examination  may  flow  through, 
a  needle  mounted  in  a  cavity  in  the  end  of 
the  piston  rod  is  used  to  prick  the  carton. 
At  i  is  a  rubber-tube  connector  for  deliver^ 
ing  the  gas  from  the  cyhnder  a  to  the 
interior  of  the  cartridge. 

In  order  to  correct  the  volume  of  the  gas 
drawn  into  the  cylinder  for  varying  room 
temperatures,  the  length  of  the  piston  stroke 
when  taking  the  sample  is  regulated  by  a 
temperature  scale  n  on  the  piston  rod,  the 
room  temperature  being  read  for  conven- 
ience on  the  thermometer  t,  which  is  placed 
in  a  cavity  of  the  piston  rod,  or  by  any 
thermometer  in  the  room. 


Directions  for  making  an  analysis  are  as 

follows:  l^lace  the  rubber  connection  k  over 

the  nipple  at  valve  i.     Its  end  for  the  brass  cartridge  will  fit  nicely 

into  any  ordinary  rubber  hose  that  will  carry  the  sample  from  the 

sampling  tube. 
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la  handling  the  instrument  do  not  allow  the  hands  to  grasp  it  at 
the  bottom  end  where  the  thermometer  bulb  is  located,  as  the  heat 
of  the  hand  will  move  the  mercury,  and  time  will  be  lost  in  waiting 
for  it  fo  come  back  to  room  temperatiu*e. 

Prick  a  cartridge  at  both  ends,  using  the  needle  in  the  end  of  the 
piston  rod,  and  lay  aside  for  the  moment.  Draw  the  gas  sample. 
By  operating  the  three-way  cock  at  each  stroke  the  instrument  works 
as  a  pump.  Thus  after  a  few  strokes  the  pipe  leading  to  the  sampler 
is  cleared  and  an  undiluted  gas  sample  is  obtained.  Break  the  con- 
nection between  }c  and  the  sampling  pipe  and  place  the  cartridge 
snugly  on  the  end  of  ir.  Insert  the  cartridge  into  the  thermometer 
bulb/.     It  should  fit  and  stay  up  tight  to  the  rim  on  the  rubber. 

A  wait  of  \\  minutes  to  3  minutes  is  necessary  after  the  cartridge 
has  been  placed  in  the  thermometer,  as  the  warmth  of  the  hand  in 
making  it  ready  will  cause  a  rise  of  the  thermometer  equivalent  to 
about  \\  per  cent  CO,.  If  this  care  is  not  taken,  the  analysis  will 
show  too  high  a  CO,  content.  Compress  the  pump  to  the  proper 
temperatxure  mark  on  the  stem,  that  mark  being  read  on  the  room- 
temperature  thermometer.  Pull  the  connector  off  the  valve  %  for  the 
instant  and  open  %  to  the  atmosphere  to  create  atmospheric  pressure 
in  the  pump.  There  should  be  a  slight  puff  as  the  gas  in  the  pump 
is  under  a  slight  compression  above  atmospheric.  Replace  Ic  and 
adjust  i  so  that  the  gas  will  flow  from  the  pump  through  the  car- 
tridge. 

Set  the  sliding  scale  e  with  the  zero  at  the  end  of  the  mercury 
column.  Be  siu*e  that  all  rapid  movement  of  the  column  has  ceased, 
or  that  it  is  at  a  point  representing  room  temperature  for  the  column, 
and  hence  will  make  no  changes  due  to  that  source.  Force  the 
gas  through  the  cartridge.  The  stroke  should  be  smooth  and  easy, 
requiring  about  five  seconds.  A  few  seconds  more  or  less  than  five 
will  result  in  a  COj  indication  0.5  to  1  per  cent  low.  Six  seconds  is 
much  preferred  to  four  seconds.  If  the  stroke  seems  rather  hard, 
a  passage  is  probably  stopped  up  partly,  and  good  results  can  not  be 
had.  The  heat  due  to  the  chemical  action  wiU  now  heat  up  bulb  /, 
and  the  maximum  point  to  which  the  column  rises  will  register  the 
CO,  content. 

The  greatest  soxurce  of  error  is  in  trying  to  make  too  many  analyses 
per  hour.  Six  records  per  hour  is  a  maximum  number  unless  artifi- 
cial cooling  of  the  indicating  thermometer  bulb  is  used.  If,  after 
one  analysis  has  been  taken,  another  is  attempted  before  the  mer- 
cury, although  seemingly  stationary,  has  returned  to  its  original 
position  of  zero  on  the  scale,  a  low  result  of  several  per  cent  will  be 
caused.  If  the  instructions  are  followed  carefully,  an  error  of  0.3 
CO,  is  the  maximum  that  may  appear 
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DB.  A.  SCHMID's  pocket  CO,  INDICATOR.      INSTRUMENT  7. 

The  Dr.  A.  Schmidts  pocket  CO,  indicator  is  shown  in  figure  14. 
Cock  a  is  removed  and  a  solution  of  KOH  (250  grams  of  potassium 
hydrate  dissolved  in  1  liter  of  water)  is  poured  into  the -lower  bulb 
by  means  of  the  small  funnel  furnished.  One  filling  is  enough  for 
about  200  determinations  of  CO,.     When  the  instrument  is  not  in 

use,  a  rubber  stopper  is  inserted  in  place  of  glass 

cock  a. 

MAKINQ   A  DETERMINATION. 

To  make  a  determination,  the  glass  cocks  a  and 
b  are  put  into  place,  a  being  the  cock  with  one 
blue  tip.  The  rubber  pump  furnished  is  placed 
on  the  glass  nipple  above  cock  6.  The  other  end 
of  the  pump  is  placed  on  the  gas  line  from  which 
sample  is  to  be  taken.  Cock  a  is  so  placed  as  to 
throw  the  small  hole  c  open.  Gas  is  then  piimped 
in.  The  lower  cock  is  closed,  the  rubber  pulled 
from  the  top,  and  the  upper  cock  closed.  This 
arrangement  insures  atmospheric  pressure  in  the 
bulb  at  the  start. 

The  lower  cock  a  is  now  opened  with  the  blue  tip 
downward.  The  instrument  is  held  inclined 
downward  and  shaken  until  the  upper  bulb  is 
about  half  full.  It  is  then  stood  upon  its  base  and 
the  gas  in  the  lower  bulb  comes  up,  a  bubble  at  a 
time.  When  the  KOH  has  found  its  level,  the 
lower  cock  is  closed.  The  instrument  is  now  held 
upside  down  and  lowered  vertically  into  water. 
The  submerged  cock  is  opened  and  the  ingoing 
water  is  leveled  with  that  outside.  In  leveling 
the  water  in  the  submerged  bidb  with  that  outside  an  error  as  high 
as  0.3  per  cent  can  be  made. 

To  get  accurate  results,  use  a  glass  beaker  lai^e  enough  for  con- 
venient manipulation  of  the  submerged  cock,  and  take  the  leveling 
sight  from  bcdow  the  water  level.  Place  a  light  back  of  the  beaker 
if  necessary.  The  cock  h  is  closed  and  the  instrument  stood  on 
its  base.  The  small  stem  above  cock  h  should  be  completely  filled 
with  water,  as  the  water  is  to  replace  the  air  forced  into  the  incUcating 
tube  from  the  stem  when  the  instrument  was  lowered  into  the  water. 
The  upper  cock  is  now  opened  just  long  enough  to  allow  the  water  to 
run  down  into  the  tube.  After  some  30  seconds,  the  exact  number 
depending  upon  how  dirty  and  sticky  the  side  walls  are,  the  per- 
centage of  COj  is  read.  The  instrument  is  turned  upside  down,  and 
cock '6  opened,  and  the  instrument  is  ready  for  another  sample. 


Fio.  14.— Dr.  A.  SchmJds 
pocket  CDs  indicator. 
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UJaCELULSEOVS  INSTRUCTIONS. 


As  the  walb  of  the  vessel  have  a  coating  of  KOH  on  their  sides 
the  incoming  water  is  made  highly  alkaline;  after  the  water  has  been 
poured  out  the  walls  are  still  alkaline.  The  next  sample  is  liable  to 
have  a  part  of  its  CO,  content  removed  by  the  caustic  solution  on 
the  walls  of  the  instrument  before  it  is  closed  from  the  atmosphere* 
Therefore  the  instrument  should  be  puiged  by  pumping  gas  through 
it.  The  puigiug  will  require  some  20  or  more  strokes  of  the  pump, 
the  number  depending  on  the  gas  and  the  solution.  If  Obis  pi-e- 
caution  is  not  taken,  the  result  will  be  a  low  CO,  indication.  As  the 
second  sample  is  pumped  in,  it  puffs  out  little  drops  of  water  from 
the  smaU  hole  in  the  lower  cock.  The  water  thus  ejected  is  highly 
alkaline  and  should  be  caught  with  some  waste  or  it  will  run  down 
on  the  lower  bulb  and  get  on  the  operator's  hands  when  the  instru- 
ment is  shaken. 

Much  care  must  be  taken  to  insure  that  the  glass  cocks  move 
easily  and  without  any  air  leakage.  The  lower  cock  is  apt  to  bind 
because  of  the  action  of  the  caustic.  Keep  plenty  of  vaseline  or 
its  equivalent  on  the  cocks.  As  the  caustic  during  manipulation 
is  apt  to  get  a  little  low,  water  can  be  let  down  to  fill  the  lower  bulb. 

In  order  to  determine  the  maximum  error  due  to  temperature 
changes  incident  to  the  manipidation  of  the  indicator,  proceed  as 
follows:  Make  one  determination  of  the  CO,  content  of  a  sample  of 
gas  in  the  ordinary  manner,  being,  careful  to  keep  the  hands  off  of  the 
upper  or  gas  bulb  of  the  instrument  as  much  as  possible.  After 
taking  the  reading  hold  the  hands  on  the  gas  bulb  for  some  time; 
then  relevel  quickly  in  the  water  and  take  a  second  observation  of 
the  CO2  indication.  The  difference  between  the  two  observations 
represents  the  maximum  error  due  to  temperature  changes. 

With  carefid  manipidation  an  analysis  will  take  about  three 
minutes.  Determinations  made  in  this  way  will  be  accurate  within 
±0.2  per  cent  CO,. 

GBNEBAL  CONCLTTSIONS  FROM  TESTS. 

The  following  brief  summary  of  conclusions  from  tests  of  the  00, 
recorders  herein  described  indicates  the  scope  and  character  of  the 
tests.     The  conclusions  are  amplified  in  subsequent  pages. 

1.  Evidence  of  a  change  in  the  composition  of  a  gas  being  tested 
18  shown  by  each  of  the  recording  instruments  soon  after  the  change 
takes  place,  the  maximum  time  for  such  evidence  to  show  being  8 
minutes.  The  correct  registration  of  the  percentage  of  CO,  (permis- 
sible error  0.5  per  cent)  requires  a  longer  time,  which  varies  con- 
siderably with  the  type.  Such  changes  indicate  the  lag  of  the  instru- 
ment, defined  as  the  time  interval  elapsing  after  gas  enters  the  instru- 
ment and  until  the  CO,  content  is  correctly  registered  on  the  chart. 
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The  item  of  lag  may  or  may  not  be  important,  depending  on  the  pur- 
pose for  which  the  instrument  is  to  be  used.  The  lag  of  the  system 
will  be  the  lag  dire  to  the  instrument  plus  that  due  to  the  piping  to  the 
boiler,  the  latter  depending  on  the  length  and  diameter  of  pipe  used. 

2.  When  properly  set  up,  and  so  long  as  the  instrument  remains 
in  adjustment,  the  error  of  the  record,  when  the  composition  of  the 
gas  is  not  changing,  varies  between  0.1  and  0.5  per  cent  CO,, 
according  to  the  type  of  instrument.  ^ 

The  introduction  into  the  system  of  gas-storage  capacity,  such  as  a 
laj^e  filter,  will  result  in  a  reduction  of  the  fluctuations  of  the  record 
curve,  although  the  average  will  be  the  same.  It  should  be  pointed  out 
that  the  cross-sectional  area  of  the  gas  stream  in  the  filter  is  also  a  factor 
affecting  the  form  of  the  record  curve,  for  if  the  area  is  large  diffusion 
will  take  place,  and  a  longer  time  will  be  required  to  pui^e  the  filter. 

3.  Changes  in  the  temperature  of  the  surrounding  air,  in  the  boiler 
draft,  and  in  the  speed  of  the  instrument  caused  an  appreciable  error 
in  the  CO,  record  for  some*  types  of  recorders. 

4.  The  life  of  a  single  charge  of  the  alkaline  reagent  used  in  all 
recording  instruments  (except  No.  4)  for  removing  the  CO,  content 
from  the  flue  gas  varied  from  500  to  5,100  per  cent  hours,  according 
to  the  type  of  instrument.  Per  cent  hour  is  defined  as  the  product 
of  the  CO,  content  and  the  number  of  hours  the  gas  was  being 
analyzed.  For  example,  1,000  per  cent  hours  would  mean  an  indica- 
tion of  10  per  cent  CO,  for  100  hours  or  a  5  per  cent  gas  for  200  hours. 

5.  The  ordinary  daily  attention  necessary,  such  as  winding  the 
clock,  changing  the  chart,  and  inking  the  pen,  will  require  5  to  15 
minutes  of  the  fireman's  time  once  a  day.  Adjustments,  changing  of 
reagents,  and  any  special  care  should  be  left  to  the  engineer  or  some 
one  else  who  thoroughly  imderstands  the  instrument.  The  amoimt  of 
such  attention  that  will  be  necessary  will  vary  from  time  to  time  and 
with  the  type  of  instrument.  The  time  required  to  change  a  reagent 
differed  considerably  for  the  several  recording  instruments,  ranging 
from  5  to  45  minutes. 

6.  The  expense  of  maintenance  (not  taking  into  account  the  time 
required  for  adjustments  or  other  special  attention)  was,  for  the 
several  months  during  which  the  instruments  were  being  tested, 
practically  confined  to  the  cost  of  the  reagent. 

7.  The  observations  of  CO,  content  made  with  the  proper  manipula- 
tion of  the  indicating  (not  recording)  instruments  were  correct  within 
0.3  per  cent  CO,.  The  care  and  skill  required  for  such  operation 
depended  on  the  type  of  indicator. 

8.  With  each  instrument  it  is  necessary  for  some  one  in  charge  to 
become  entirely  famiUar  with  the  principle  and  the  manipulation  of 
the  instrument.  The  things  that  may  happen  to  the  instrument  to 
interfere  with  its  proper  working  are  usually  easily  remedied,  but  are 
not  always  evident  to  casual  inspection,  and  therefore  a  considerable 
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d^ree  of  patience  and  understanding  is  required  to  insure  continued 
operation.  The  character  of  the  instrument,  moreover,  ia  such  that 
it  should  be  ^aced  in  the  charge  of  some  one  who  is  qualified  to  handle 
instruments  or  mechanisms  of  a  delicate  nature.  This  service  is  not 
beyond  what  can  reasonably  be  expected  from  an  engineer  employed 
in  plants  likely  to  profit  by  an  investment  in  such  an  instrument.  It  is 
believed  that  much  of  the  trouble  with  these  instruments  arises  from 
the  fact  that  the  persons  who  are  responsible  for  their  proper  operation 


Fiomu  IS.— COf  recordersS.Z,  1,  uid  tasHt  DprorMsts. 

are  not  thoroughly  and  properly  instructed.  This  oversight  is 
probably  due  in  part  to  the  fact  that  the  seller  does  not  feel  justified 
in  taking  the  time  to  follow  up  the  sale  of  an  instrument  by  thoroughly 
instructing  the  employee  of  the  buyer  who  is  to  operate  the  instrument. 
Such  action  is  beheved  to  be  necessary  to  the  surcessfid  installation  of 
these  devices. 

ABBAiraEKBNT  OF  APFAaATTTS   IK  THE   TESTS. 


The  various  instruments  were,  in  all  essential  details,  set  up  accord- 
ing to  the  makers'  instructions.  In  order  to  obtain  the  desired 
data  the  apparatus  was  arranged  as  shown  in  figures  15,  16,  and  17. 
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In  figures  15  and  16,  a  represents  the  main  gas  line  of  j-inch  piping 
connecting  the  instnuneots  to  the  sampling  tubes  of  several  power 
boilers  any  one  of  which  could  be  thrown  on  the  line. '  The  gas  line 
was  about  45  feet  in  length.    The  line  b  (fig.  15)  was  an  aiuuliaTy 
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line  from  the  gas  tank  or  gasometer  g  (fig.  17),  which  could  be 
thrown  on  and  off  the  main  Une  by  the  manipulation  of  the  proper 
valves.  Gasometer  tank  g  (tig.  17)  was  a  water-sealed  bell;  the  pres- 
sure within  the  bell,  shown  by  gage  t  (fig.  17),  could  be  controlled 
by  the  balancing  weights  h.    This  tank  could   therefore  supply 
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a   gas   of  uniform  CO}  content  at  any  pressure  for  standardizing 
purposes. 

At  the  instrument  end  of  line  a  was  a  drop  bleeder  pipe  to  catch 
the  moisture,  which  was  removed  by  taking  off  a  cap  at  the  end 
of  the  drop.     Here  also  compressed  air  could  be  connected  to  clear 
out   the  whole  line.    Aspirator  c  (fig. 
16)  at  the  end  of  the  hne  kept  a  con- 
stant flow  of  gas  through  the   piping, 
in   addition   to   that  which  the  instru- 
ments   were    causing.     The    draft    on 
the  line  was  shown  by  gage  d  (fig. 
16). 

Filters  w,  n,  o,  and  p  (fig.  15) 
were  piped  from  the  top  of  the  gas 
line,  and  mq  (fig.  16),  tie  condenser 
filter  for  machine  5,  was  connected 
at  the  end  as  shown.  From  these 
different  points  the  instruments,  with 
the  exception  of  instrument"  3,  were 
connected  according  to  the  maker's 
directions.  The  makers  connect  in- 
strument 3  in  such  a  manner  as  to 
cause  a  continuous  flow  of  gas  along 
pipe  ;  (fig,  6).  In  order  to  simplify 
the  piping  layout  there  was  substituted 
for  this  a  flow  along  pipe  ;  caused  by 
aspirator  e,  the  draft  of  which  was 
shown  by  gage^. 

Water  was  supphed  from  a  tank 
placed  oh  top  of  the  recorder  booth 
and  ec[uipped  with  a  float  valve  so 
as  to  keep  a  constant  head  of  water 
at  the  instruments.  The  water  for 
aspirators  c  and  e  and  for  instrument 
5  was  supplied  by  the  pipe  r.  Line  ( 
took  the  drainage  from  instruments  1, 
2,    and   3,  as   well   as   the  water   drip 

from  the  steam  line  a.    Line  u   car-  ^i"^  n.-c«oo.e«r  umir. 

ried  the  drainage  of  the  aspirators  c  and  e  and  of  the  condenser 
filter  q,  and  served  as  the  drain  for  the  steam  aspirator  of  ma- 
chine 5.  The  outlet  for  machine  4  was  at  z  (fig.  15).  The  electric 
cmrent  was  brought  in  at  switch  x  (fig.  15)  for  machine  4  and 
passed  through  the  controlling  resistance  y  before  reaching  the 
motor. 
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OTTTIilNB  OF  TESTS. 

The  tests  of  the  instruments  may  be  divided  into  two  classes,  as 
follows: 

First,  special  or  laboratory  tests,  which  include  the  determination 
of  the  lag  and  of  the  effect  of  changes  in  boiler  draft  and  room  temper- 
ature, also  any  tests  suggested  by  the  mechanism  of  the  instrument 
itself  and  pecuUar  to  it. 

Second,  endurance  tests,  in  which  the  instruments  were  run  day 
after  day  on  the  gas  from  a  power  boiler,  as  would  occur  in  practice. 

In  order  to  ascertain  the  lag  of  each  instrument,  it  was  run  at  a 
definite  speed  under  regular  working  conditions,  with  a  constant 
draft  and  temperature,  and  drawing  a  gas  of  unvarying  CO,  content 
through  its  filter  and  gas  line.  The  gas  was  drawn  from  the  gasome- 
ter, and  its  exact  CO,  content  was  determined  by  a  number  of  analy- 
ses in  the  chemical  laboratories.  After  the  CO,  content  had  been 
roistered  correctly  as  shown  by  several  determinations,  a  gas  of 
different  CO,  content  was  admitted  to  the  line  and  the  time  that  was 
required  for  the  instrument  to  correctly  roister  the  second  gas 
was  noted.  In  some  instances,  the  gas  was  also  admitted  directly 
to  the  instrument  proper  thus  eliminating  the  lag  due  to  the  filt^ 
and  gas  line. 

To  determine  the  effect  of  a  change  in  boiler  draft  the  devices  were 
supplied  with  gas  of  uniform  QO,  content,  and  the  draft  pressure  was 
varied  by  means  of  the  balance  weights  on  the  gasometer,  the  tem- 
perature and  speed  being  kept  uniform. 

To  determine  the  effect  of  a  change  in  the  surrounding  temperature, 
the  CO,  content,  draft,  and  speed  were  kept  uniform,  and  the  sur- 
soimding  temperature  was  suddenly  lowered  and  held  at  the  lower 
temperature. 

The  endiu*ance  tests  consisted  in  operating  the  machines  under 
service  conditions  and  noting  all  the  care  and  attention  necessary  to 
keep  them  recording  correctly.  These  tests  covered  a  period  of  sev- 
eral months.  Every  eighth  day  the  devices  were  standardized  by 
allowing  them  to  run  on  gas  of  known  CO,  content  taken  from  the 
gasometer  to  ascertain  whether  they  were  still  recording  correctly. 
By  this  means  the  required  frequency  of  renewal  of  the  reagents  was 
also  determined. 

The  tests  of  the  indicating  instruments  consisted  of  an  extended 
series  of  analyses  of  gases  of  known  CO,  content.  The  tests  indicated 
the  proper  manipulation,  the  skill  and  care  required  for  such  manipu- 
lation, and  the  errors  likely  to  occur  in  the  handling  of  the  instru- 
ments. 
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TABXJULTED  BBSTTI/TS  OF  8PBCIAL  TB8T8. 

The  tabulated  results  of  the  special  tests  follow.  The  graphic 
records  mentioned  in  the  tabulation  are  shown  in  figures  18  to  22. 
Graphic  records  obtained  from  the  recorders  mider  normal  operating 
conditions  are  shown  in  Plate  I  and  figures  23  to  25. 

Tabulated  results  ofspeddl  tests  of  CO^  recorders. 

TESTS  FOR  LAO.  a 


Instrument  No. 


1 
2 

8 
4 

5 


Change  of  gas. 


Percentage  of 

COi. 

6.0 to  0.0 

0.0 to  6.5 

6. 5  to   4.5 

9.0to     .0 

0.0 to   6.5 

7.0to   2.5 

fr8.5to     .0 

b6.5to     .0 

baoto  6.5 


aotoia7 

aoto  7.5 

7.5  to     .0 

7.0to  .0 
0.0  to  6.0 
6. 8  to  6.2 


Speed  of  recorder. 


Records  per  hour. 
17 
17 
19 
16 
16 
16 
16 
48 
48 

Revolutions  per 
minuted 

1,660 

1,660 

1,660 


Time  taken 
to  make 

completed 
record. 


Minutes. 
41 
39 
35 
33 
34 
34 
13 
9 
16 


8 

5 

34 


70 

17 

6 


Time  taken 

to  make 

record 

within 

0.5  per  cent 


Minutes. 
30 
35 
20 
22^ 
23 
23 
9i 
5 
14 


6 


30 

«40 

8 


For  graphic 
record,  see— 


No.  1,  fig.  18. 
No.  2,  fig.  18. 
No.  3,  fig.  18. 
No.  1,  fig.  19. 
No.  2,  fig.  19. 
No.  3,  fig.  19. 
No.  4,  fig.  19. 
No.  2,  fig.  20. 
No.  1,  fig.  20. 
No.  3,  fig.  20c. 


Nos.  14-1,  fig. 

21. 
Nos.     11-12, 

fig.  21. 
Nos.      12-13, 

flg.  21. 
No.  1,  flg.  22. 
No.  2,  flg.  22. 
No.  3,  flg.  22. 
Na4,flg.22.c 


EFFECTS  OF  CHANGES  OF  OPERATING  CONDITIONS./ 


In. 
stru- 
ment 

No. 

Temperature. 

Draft. 

Speed. 

Temper- 
ature 
change. 

Change 
inCOt 
indica- 
tion. 

For  graphic 
record, 
see  — 

Water- 
draft 
change. 

Change 

inCO, 

indiea- 

Uon. 

For  graphic 

record, 

see— 

Speed 
change. 

Change 
InCO, 
indica- 
tion. 

For  graphic 
record, 
see— 

1 

96  to  75 
98  to  75 

96  to  76 

81  to  80^ 
79  to  84* 
96  to  75 

Perct. 

None. 

+1.0 

-LO 
+1.4 

<+a2 

Inches. 

0.0  to  U 
i  to  0.0 

0.0  to  1} 

aotoii 

|to| 
itolf 

O.OtoU 

Perct. 
None. 

-a  5 

+1.6 
None. 

-0.7 

+1.4 

None. 

Records 
per  hour. 
18  to   4 
16  to   8 

48  to  12 

Revolvr 

tions  per 

minute. 

1,660 
to  2, 000 

1,660 
to  1,920 

Per  ct. 

None. 

+0.6 

to +1.3 

0.0 
to-a5 

+3.3 
+2.8 

2 

Nos.  9  and 
10,  flg.  19. 

Nos.  4  and 
6,  flg.  20. 

No.  10,  fig. 
21. 

No.  13,  flg. 

19. 
Nos.  5  and 

6,  flg.  19. 

Nos.  11  and 
12,  fig.  19. 

Nos.  4  and 

4 

Nor.  land 
2,  fig.  21. 

Nos.  1  to  3, 
fig.  21. 

6,flg.20. 

Nos.  4  and 
6,  fig.  21. 
Nos.  4  and 

6,  fig.  21. 

1 

5 

No.  6,  fig. 
22. 

• 

.        i                 i ■ 

a  With  regard  to  statements  as  to  lag  and  limits  of  aocm^ey,  it  should  be  borne  in  mind  that  the  funda- 
mental stcmdard  used  as  a  basis  of  comparison  was  the  analysis  as  made  in  the  chemical  labcMratoiy,  which 
in  itself  mav  have  been  in  error  0.2  per  cent. 

^  Determmed  by  admitting  the  gas  directly  to  the  instrument  proper  (see  p.  41). 

c  Shows  generaiform  of  lag  curve  when  gas  is  drawn  through  filter. 

'  Refers  to  speed  of  the  two  centrifugal  fans. 

ft  The  time  taken  to  drop  the  last  per  cent  when  approaching  zero  varied  greatly,  whereas  to  drop  t<^ 
about  1  per  cent  required  only  about  10  minutes. 

/  Charts  obtained  under  normal  operating  conditions  are  shown  in  figures  23  to  25  and  Plate  I. 

9  At  fan. 

*  At  filter. 

'Then  dropped  to  —0.3  per  cent. 
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INSTRUMENT    1. 

Instrument  1  had  a  lag  °  averaging  2S  minutes  for  an  indica 
to  the  nearest  0.5  per  cent,  whereas,  on  the  average,  38  minuk 
required  for  the  instrument  to  complete  its  record  of  the  <~ 
Evidence  of  a  change  in 

0  sition  began  to  show  at  aboud 
-       second  analysis,  or  about  5  miiT 

f      after  the  change  occiured. 
H       operating  at  23  records  per  t 

1  the  instrument  drew  a  sampi 
5        1.73   cubic   feet  of  gas   per 
I       It  could  bo  Emulated  to  recci 
-f       maximum  of  about  30  analyse^ 

I  hour.    As  long  as  the  instn 
3  s    was    kept    in    proper    adjust^ 

II  the  maximum  error  for  any  J_ 
M  ^  analysis,  when  the  instrumenbV 
^  5  operating  on  gas  whose  comfl 
^  I  tion  was  not  changing,  was  : 
■||  per  cent  CO,.  Its  accuracy  ' 
5  8  not  affected  by  change  of 
■£  ^  temperature,  boiler  draft,  or  nui 
11  berof  records  per  hour.  The  abso 
S  ^  tionchambercontainsasthe  roagonfl 
B  slaked  lime,  which  is  distributed 
«  throughlooselypacked  excelsior  in  a 
1  jar.  Proper  packing  of  a  jar  re-  ' 
I  quired  from  30  to  45  minutes.  The 
1.  time  that  one  of  these  charges  will 
o       last  can  not  be  closely  estimated 

s       owing  to  the  difficulty  of  packing 
g       two  jars  exactly  ahke.     This  time 
^       varied  from  555  to  1,194  per  cent 
hours,*    averaging     740    per    cent 
hours.     In  order  to  ascertain  whether  the  reagent  was  still  active  it 
would  be  necessary  to  make  a  check  analysis  with  some  other  appa- 
ratus.    This  can  not  be  conveniently  done  unless  there  is  available 
a  gasometer  or  other  vessel  to  hold  a  quantity  of  gas  of  known  compo- 
sition.    It  is  therefore  advisable  to  change  the  reagent  about  as  often 
as   recommended.     The    ordinary   daily    attention   required    about 
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fire  minutes  of  a  fireman's  time.  The  pen  gave  considerate  trouble 
and  wore  out  in  leiss  than  a  year.  The  water  piping  in  this  inatni- 
meat  is  liable  to  clog  frequently  if  dirty  water  is  used. 

IXSTEnMENT  2. 

Instrument  2  had  a  la^  avera^ug  23  minutes  for  an  indication  to 
the  nearest  0.5  per  cent,  and  on  the  average  34  minutes  was  required 
for  the  instrument  to  complete  its  record  of  the  change.  Evidence 
of  a  chajigc  in  composition  began  to  show  at  about  the  second 


Ttouai  IS.— Onphio  ncord  Irom  iDslnunaDt  3,  special  tost. 

analysis.  Wheii  operating  at  the  rate  of  16  to  17  records  per  hour 
the  instrument  drew  a  sample  of  0.6  cubic  foot  of  gas  per  hour.  It 
could  be  regulated  to  record  a  maximum  of  16  or  17  records  per  hour. 
As  long  as  the  instrument  was  kept  in  proper  adjustment  the  error  for 
any  given  analysis  when  the  instrument  was  operating  on  gas  whose 
composition  was  not  changing  was  ±0.1  to  ±0.2  per  cent  CK),,  which 
is  about  as  close  as  the  chart  can  be  read.  The  accuracy  of  the  device 
was  affected  by  change  of  room  temperature,  draft,  and  the  number  of 
records  per  hour  as  shown  in  the  table  on  page  43.  The  greatest 
source  of  error  was  the  persistent  leaking  of  gas  through  t^e  joint 
between  the  caustic  potash  (KOH)  tank  and  its  cover.  The  leak 
was  stopped  repeatedly  by^painting  the  joint  with  asphaltum  paint, 
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but  the  caustic  woiild  open  a  hole  again  after  a  time.     The  reagent — 

a  solution  of  caustic  potash  (KOH)  in  water  with  a  specific  gravity 

of  1.27 — lasted  about  5,100  per  cent  hours.    To  change  a  solution 

required    about  15   minutes.     The 

time  that  one  of  these  changes  will 

last  can  be  f&irlj  well  estimated. 

In  order  to  ascertain  exactly  when 

a  charge  has  been  entirely  used  it 

,        would  be  necessary  to  make  a  check 

analysis  with  some  other  apparatus. 

This  can  not  be  conveniently  done 

unless  there  is  available  a  gasometer 

or  other  vessel  to  hold  a  quantity 

of  gas  of  known  composition.     It 

^     is  therefore  advisable  to  change  the 

S     reagent  about  as  often  as  recom- 

I    mended.    The   ordinary  dwly  at- 

8;    tention  required  about  8  to  10  nun- 

I     utes  of  a  fireman's  time.    Consid- 

I    erably  difficulty  was  experienced  in 

g     regulating    the    continuous   water 

i     supply  to  maintain  the  proper  water 

I    levels,  and  the  use  of  this  part  of 

I     the  apparatus  was  abandoned. 

1,  INSTHUMENT  3, 

1        As  instrument  3   has  no  device 
M     with  which  to  draw  the  gas  sample 
I     from  the  sampling  tube  ttirough  the 
gas  line  and  filter,  its  lag  would  de- 
pend on  the  outside  means  used  in 
drawing  in  the  sample.     The  part 
of  the  lag  due  to -the  instrument 
proper  aad  exclusive  of  that  duo 
to  the  gas  line  and  filter  averaged 
9  minutes  for  an  indication  to  the 
nearest  0.5  per  cent  and   12  min- 
utes for  a  completed  record  of  the 
change.     Obviously    these    figures 
can  not  be  compared  with  those  for 
the  other  instruments,  which  include 
the  filter  and  gas  line.     Evidence  of  change  in  composition  began  to 
show  at  about  the  second  analysis  after  the  change.    The  instrument 


RESULTS  AND  CONCLUSIONS  FOR   EACH   INSTRUMENT. 


47 


could  he  regulated  to  record  a  maximuiti  of  about  50  analyses  per 
hour,  although  30  is  suggested  for  regular  operatioiL  As  long  as 
the  instrument  was  kept  in  proper  adjustment  the  maximum  error 
for  any  given  analysis  when  the  instrument  was  testing  gas  whose 
composition  was  not  changing  was  ±0.4  per  cent  CO,.  Its  accuracy 
was  not  aflFected  by  change  of  boiler  draft,  but  was  aflFected  by  change 
of  room  temperature  and  the  number  of  records  per  hour.  The 
reagent — a  solution  of  caustic  potash  in  water,  specific  gravity  1.27 — 
lasted  2,260  to  2,490  per  cent  hours,  averaging  2,375  per  cent  hours. 
To  change  a  solution  required  about  5  minutes.  The  time  that  one 
of  these  charges  will  last  can  be  fairly  well  estimated.  In  order  to 
ascertain  exactly  when  a  charge  has  been  entirely  used,  it  would  be 
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FiGTJBE  21.~Graphic  record  from  instrument  4,  si)ecial  test.    Dotted  line  represents  the  rooord  of 

another  recorder  plotted  here  for  comparison. 

necessary  to  make  a  check  analysis  with  some  other  apparatus,  as 
previously  explained.  Instead  of  attempting  this  it  is  advisable  to 
change  the  reagent  about  as  often  as  recommended.  The  ordinary 
daily  attention  required  about  8  to  10  minutes  of  a  fireman's  time. 
Considerable  trouble  was  experienced  with  the  nib  type  of  pen  on 
account  of  clogging.  The  rubber  connections  lasted  12  months  or 
more,  with  the  exception  of  that  imder  the  caustic  potash  tank,  which 
lasted  about  2  months.     These  parts  are  readily  replaced. 

INSTRUMENT  4. 

When  a  gas  of  higher  CO,  content  than  had  been  running  to  the 
sampling  tube  was  admitted,  instrument  4  had  a  lag  of  about  6  min- 
utes for  an  indication  to  the  nearest  0.5  per  cent  and  of  about  8  min- 
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uU'S  for  a  completed  record  of  the  change.  When  a  gas  of  lower  CX), 
content  was  adniitt<-d,  the  lag  for  an  analysis  to  the  nearest  1  per 
coat  was  about  5  minutes,  and  to  the  nearest  0.5  per  cent  the  tag  was 
about  30  minutes;  about  34  minutes  was  required  for  a  completed 
record.  Evidence  of  a  change  in  composition  began  to  show  practi- 
cally at  once.  Under  normal  working  conditions  it  drew  a  sample  of 
2.4  cubic  feet  of  gas  per  hour.  As  long  as  the  instrument  was  kept 
in  proper  adjustment  the  maximum  error  when  the  instrument  was 


FiouBE  22,— f.raphlc  lecord  trom  loslnunent  6,  ipedal  lest. 

sampling  gaa  whose  composition  was  not  changing  was  about  ±0.2 
per  cent  CO,,  which  was  about  as  close  as  the  chart  could  be  read. 
Accuracy  ia  affected  by  changes  of  room  temperature,"  boiler  draft, 
and  speed  of  fan.  The  instrument  makes  use  of  no  reagent  and  hence 
requires  no  attention  in  this  respect. 

INSTRUMENT  5. 

The  lag  of  this  machine  was  about  5  to  8  minutes  for  an  indication 
to  the  nearest  0.5  per  cent,  except  when  a  gas  containing  no  CO,  was 
admitted  to  the  sampling  tube.    The  time  required  for  a  complete 
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record  of  the  change  varied  asshown  in  the  table  on  page  43.  Evidence 
of  a  change  in  composition  began  to  show  practically  at  once.  The 
instrument  gave  a  continuous  indication  and  record  of  CX),  content. 
As  long  as  the  instrument  was  kept  in  proper  adjustment  the  maxi- 
mum error  when  operating  on  gas  whose  composition  was  not  chang- 
ing was  about  ±0.1  per  cent  CO,,  which  was  about  as  close  as  the 
indicator  could  be  read.  Its  accuracy  was  affected  slightly  by  change 
of  room  temperature  but  not  by  change  of  boiler  draft.  The  reagent 
is  sodium  hydroxide  (NaOH)  packed  in  pasteboard  cartons  that  fit  in 


a  case  on  the  instrument.  The  cartons  are  obtained  from  the  manu- 
facturer packed  and  ready  for  use  in  the  instrument.  They  lasted 
600  to  1,1S5  per  cent  hours,  averaging  870  per  cent  hours.  For  prac- 
tical purposes  the  condition  of  the  reagent  and  the  time  when  it 
should  be  replaced  are  readily  ascertained  while  the  recorder  is  in 
operation  by  locating  with  the  hand  the  position  of  the  hottest  zone  on 
the  carton  case;  when  the  hot  zone  is  near  the  top  the  carton  nears 
exhaustion.  In  order  to  determine  exactly  when  a  charge  has  been 
entirely  used,  it  would  be  necessary  to  make  a  check  analysis  with 
some  other  apparatus.     Inasmuch  a.**  this  can  not  be  readily  done,  it 
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is  advisable  to  bo  governed  by  cither  the  per  rent  hours  or  the  loca- 
tion of  tho  heated  zone  in  changing  cartons.  The  ordinary  daily 
Attention  required  about  8  or  10  minutes  of  a  fireman's  time. 

Thia  machine  has  a  boiler-room  indicator  in  addition  to  the  chart 
record  ai\d  to  the  indicator  on  the  instrument  proper.  The  boiler- 
room  indicator  may  be -placed 
on  the  boiler  front  or-  in  any 
convenient  place  in  the  boiler 
room,  and  need  not  be  close 
to  the  recorder. 

raSTRUMENT  0. 


I  A  maximum  of  about  six 

»  analyses  per  hour  can  be  made 

^  with    this    instrument    when 

I  operated  according  to  dircc- 

I  tions.     By  artificially  cooling 

*=>  its    indicating    thermometer 

I  iminediately  following  an  an- 

e  alysis    the   number    can    ho 

e  increased.    With  careful  man- 

I  ipulation,    analyses    can    be 

=  made  with  a  maximum  error 

i  of  ±0.3  per  cent  CO,. 

I  The  reagent  is  sodium  hy- 

I  droxido    (NaOH)    packed   in 

I  small  Ijrass  cartridges,  one  of 

■a  which  must  be  used  for  each 

I  analysis.     The   instrument  is 

J  portable,   compact,  and  con- 

e  venient. 

S  IN8TRCMENT  7. 
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Seventeen  to  twenty  analy- 
ses per  hour  can  be  made 
with  instrument  7.  With 
ordinary  care  an  analysis  can 
be  made  with  a  maximum 
error  of  ±0.2  per  cent  CO,. 
Tlie  reagent  is  a  solution  of  potassium  hydroxide  in  water.  Several 
hundred  analyses  can  be  made  with  one  charge  of  the  caustic.  The 
trouble  most  likely  to  bo  experienced  is  the  sticking  of  the  glass  cock, 
owing  to  the  action  of  the  caustic.  The  device  is  compact  and 
portable. 
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BHITS  AS  TO  INSTAIiUNQ  OAS  LINB  FOB  ANT  INSTBTJlCBmb 

Foj  the  sampling  pipo  and  gas  lino  of  any  CO,  recorder  it  ia  well  touso 
thr^fourths-inch  pipe.  A  satisfactory  way  of  arranging  the  pipe  is  to 
plug  the  end  inserted  into  the boUer  pass  and  drill  smallholcs  {one-eighth 
to  thre&^ixteenths  inch  in  diameter)  every  few  inches  in  a  line  on  one 
side  of  the  pipe.  The  pipe  is  placed  clear  across  the  pass,  at  a  con- 
venient point  in  the  gas  travel,  the  small  holes  in  the  pipe  being  at 


FiGmE  U.— Graphic  record  from  instrumint  i,  normal  opentioD. 

right  angles  to  the  flow.  The  sampling  pipe  must  be  used  at  a  place 
where  the  flue  gases  have  become  well  mixed.  Generally  this  can  he 
found  near  the  damper  on  the  boiler  side.  Sluggish  pockets  of  gas 
should  be  avoided. 

All  turns  in  the  gas  line  should  he  made  with  crosses  instead  of 
elbows,  the  extra  openings  of  the  crosses  being  plugged.  This  plan 
allows  the  line  to  be  easily  cleaned.  In  running  a  gas  lino  from  the 
boiler  to  the  filter  and  from  the  filter  to  the  instrument  proper,  great 
care  must  be  taken  to  insure  a  tight  line  so  that  the  gas  can  not  l)Pcome 
mixed  with  outside  air.    Asphultum  paint  should  he  used  in  the 
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joints  and  should  be  applied  to  the  entire  line  after  it  has  been  con- 
nected. There  should  be  a  slight  fall  in  the  line  toward  the  recorder, 
and  sagging  pockets  should  be  avoided.  Just  in  front  of  the  instru- 
ment a  vertical  drop  pipe  should  tap  the  pipe  line.  A  small  drain  cock 
should  be  placed  at  the  end  of  the  drop  pipe.  Water  can  then  accu- 
mulate in  the  drop  pipe  and  be  let  out  from  time  to  time.  The  entire 
line  should  be  so  arranged  that  it  can  be  blown  out,  preferably  by 
compressed  air  or  by  steam.  Each  of  the  recorders  has  a  manometer 
arrangement  to  show  when  the  line  becomes  clogged  to  such  an  extent 
that  blowing  out  is  necessary. 

Although  the  maker's  instructions  recommend  that  for  each  instru- 
ment the  filt-er  be  as  near  as  possible  to  the  sampling  tube,  it  may, 
under  some  conditions,  be  advisable  to  place  the  filter  at  a  point  in 
ihe  sampling  line  near  to  the  recorder  in  order  to  facilitate  proper  care 
of  the  filter. 
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gas  before  and  after  absorption  of  GO,  with  KOH. 
Juno,  Carl.    Apparat  zur  automatischen  Bestimmung  der  Kohlens&ure  in  Ranch- 

gasen.  Chem.  Ztg.,  Bd.  29,  April  22,  1905,  p.  445.    Describes  an  intermittent 

instrument. 
Kbane,  Charles  A.    Autolysator.    Jour.  Soc.  Ghem.  Ind.,  vol.  27,  June  30,  1908, 

p.  608.    Describes  a  continuous  recording  instrument  that  reads  pressures  at  two 

capillary  tubes  between  which  the  COa  is  removed  by  absorption. 
King,  W.  N.  Y.    Precision  GOa  recorder.    Elec.  Rev.,  vol.  68,  April  14,  1911,  p.  583. 

Explains  the  operation  of  this  type  of  instrument  in  connection  with  a  battery 

of  boilers  with  chain  grates. 
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cember 13,  1907,  p.  1771.    Describes  an  intermittent  recorder  operating  on  the 

principle  of  measuring  the  gas  before  and  after  chemical  action  with  KOH. 
Mechanical  Engineer.    Bi-meter  COa  recorder.    Vol.  28,  November  10,  1911,  p. 

572.    Gives  photograph,  chart,  and  diagram,  with  short  description  of  instru- 

menc. 
Muller,  E.    Eine  neue  selbstth&tige  Vorrichtung.  Ztschr.  deutsch.  Ing.,  vol.  55, 

December  30,  1911,  p.  2169.    Gives  a  description  of  a  GOa  recorder  that  meas- 
ures the  heat  given  off  during  the  chemical  reaction  of  KOH  and  GOa- 
Power.    Thermoscope.    Vol.  38,  September  23,  1913,  p.  428.    Short  description 

given. 

Uehling  gas  composimeter.    Vol.  27,  June,  1907,  p.  404.    Description,  dia- 
grams, etc.,  given. 

Value  of  a  CO,  recorder.    Vol.  33,  May  9,  1911,  p.  728;  June  13,  1911,  p.  911; 


vol.  34,  October  24,  1911,  p.  638,  December  5,  1911,  p.  847.    Short  discussions 

by  various  engineers  given. 

-  -    Westover  GOj  recorder.    Vol.  28,  February  4,  1908,  p.  199-    Describes  the 

instrument, 
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Rogers,  C.  H.    Combustion  and  flue-gas  analysis.    Power,  vol.  36,  July  2,  1912,  p. 

5.    Shows  several  sets  of  curves  relating  COj,  CO,  and  O  to  boiler  efficiency. 
Terman,  S.  E.    Flue-gas  analysis  for  beginners.    Power,  vol.  36,  September  3,  1912, 

p.  330.    Describes  Orsat  apparatus,  its  solutions,  etc. 
Uehuno,  £.  a.    Uehling  CO,  recorder.    Met.  and  Chem.  Eng.,  vol.  9,  December, 

1911,  p.  657.    Description,  diagrams,  etc.,  given. 
Westover,  H.  S.    Does  it  pay  to  equip  a  boiler  room  with  CO,  recorders?    Power, 

vol.  28,  April  7,  1908,  p.  530.    Presents  generalities. 
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THE  FELDSPARS  OF  THE  NEW  ENGLAND  AND  NORTH  APPA- 
LACHIAN STATES. 


By  A.  S.  Watts. 


INTRODUCTION. 

The  Bureau  of  Mines  has  been  conducting  an  investigation  of  the 
feldspar  resources  of  the  New  England  and  North  Appalachian 
States  with  a  view  to  greater  efficiency  and  economy  in  their  utili- 
zation. Such  an  investigation  was  deemed  necessary,  not  only  be- 
cause of  the  continued  and  increasing  consumption  of  these  minerals, 
but  especially  because  of  the  demand  for  better  technical  control  of 
the  raw  materials  that  are  used  by  the  white-ware  industries  of  the 
United  States.  Most  manufacturers  of  white  pottery  wares  have  only 
a  limited  knowledge  of  the  origin,  mode  of  occurrence,  and  methods 
of  mining  and  preparation  of  the  materials  that  they  use. 

Heretofore,  owing  to  a  belief  that  the  supply  of  raw  material  was 
unlimited,  the  manufacturer  had  concerned  himself  chiefly  with  the 
solution  of  the  problems  of  manufacture.  Within  the  past  few  years, 
however,  it  has  been  found  that  difficulties  arise  in  manufacture 
which  can  be  traced  beyond  the  manufacturing  process  and  are  be- 
lieved to  be  due  to  a  need  of  better  control  of  the  materials  used. 

Furthermore,  as  competition  becomes  more  severe,  more  attention 
must  be  paid  to  selection  of  materials  in  order  to  minimize  consump- 
tion and  also  to  avoid  unnecessary  expense  for  transportation  of 
material. 

Doubtless  the  lack  of  interest  as  regards  these  details  has  arisen 
from  the  fact  that  in  the  past  a  considerable  proportion  of  the  white- 
ware  ingredients  has  been  imported  and  the  manufacturer  has  been 
forced  to  rely  on  the  samples  submitted  and  the  general  uniformity 
of  the  source  of  supply  to  insure  against  variation  of  the  material. 
An  extra  precaution  arising  from  this  lack  of  definite  knowledge  still 
prevails  in  the  common  practice  of  never  depending  on  one  source  of 
supply  for  any  one  ingredient.  Often  the  products  of  three  or  more 
producers  are  blended  so  that  if  any  one  shall  vary  without  warning 
the  variation  arising  from  its  use  wiU  not  be  sufficient  to  ruin  the 
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As  the  use  of  domestic  materials  has  mcreased,  the  manufacturer 
had  generally  depended  on  the  results  of  tests  of  samples  submitted. 
The  crude  materials  differ  so  greatly  from  the  materials  purchased, 
and  the  treatment  necessary  to  prepare  crude  material  for  use  in- 
volves such  an  intimate  acquaintance  with  its  pecuUarities  that  the 
users  had  further  cause  to  neglect  to  acquaint  themselves  with  the 
details  of  its  mining  and  preparation. 

The  investigations  presented  in  this  bulletin  have  been  undertaken 
by  the  bureau  with  a  view  to  a  better  imderstanding  of  the  conditions 
which  confront  the  producer  of  commercial  feldspar  and  also  with 
the  object  of  determining  wherein  the  various  deposits  of  feldspar 
differ.  This  information  will  enable  the  manufacturer  to  choose  the 
source  of  supply  which  is  best  suited  to  his  needs,  and  in  case  a  change 
is  necessary  to  choose  more  intelligently  the  location  from  which  to 
draw  for  his  future  supply. 

FELDSPAR— AVAILABILITY,  GRADES,  AND  USES. 

Feldspars  are  by  far  the  most  abundant  of  all  the  minerals  and  are 
estimated  to  constitute  nearly  60  per  cent  of  the  igneous  rocks.^ 

However,  of  the  feldspar  having  commercial  value  a  large  propor- 
tion ia  so  intimately  mixed  with  other  minerals  that  recovery  in  the 
pure  state  would  be  very  expensive  if  not  impossible.  The  deposits 
yielding  commercial  feldspar  are  made  up  of  a  great  variety  of  min- 
eral combinations  and  occur  in  all  grades  as  r^ards  coarseness  of 
crystallization.  The  deposits  are  widely  distributed,  and  many  of 
them  are  so  far  from  railroads  as  to  make  mining  impracticable. 

At  present  there  are  at  least  15  districts  in  the  eastern  part  of 
the  United  States  from  which  a  commercial  grade  of  feldspar  is 
obtainable.  Nevertheless,  in  the  relatively  short  time  that  the  sup- 
ply of  feldspar  in  the  United  States  has  been  drawn  on,  the  high- 
grade  material  has  been  almost  totally  exhausted  in  some  districts 
and  seriously  depleted  in  several  other  districts.  Conservation  of 
these  resources  demands  that  cognizance  of  these  facts  be  taken, 
and,  if  unnecessary  wastefulness  has  occurred  in  the  past,  that  steps 
be  taken  to  correct  the  errors.  It  is  vitally  important  that  the  mate- 
rial best  suited  be  provided  for  the  various  industries  and  that  a 
material  available  only  in  limited  quantity  shall  not  be  employed  in 
an  industry  which  can  use  equally  well  a  slightly  inferior  material 
which  is  available  in  greater  quantity. 

The  chief  users  of  feldspar  are  the  manufacturers  of  white  pottery 
ware.  The  manufacturers  of  glass  and  enameled  metal  wares  are  also 
extensive  users  of  feldspars.  The  scouring-soap  industry  uses  a  lim- 
ited amount,  but  careful  selection  as  to  color  does  not  apply  to  the 

aClarke,  F.  W.,  Analyses  of  nwks  (zxim  tbe  laboratory  of  tbe  United  States  Ocolosioal  Sozrey:  U.  8. 
Geol.  Survey  Bull.  228, 1904,  p.  20. 
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feldspar  used  in  making  soap.  An  enormous  amount  is  annually  con- 
sumed in  the  manufacture  of  roofing  and  for  poultry  grit,  but  these 
products  do  not  require  a  material  free  from  impurities  and  in  most 
instances  a  low-grade  feldspar  is  used.  Pulverized  feldspars  of  the 
potash  varieties  are  also  used  as  ingredients  in  some  fertilizers  and 
for  this  use  the  presence  of  iron-bearing  impurities  is  not  detrimental. 

Although  the  above  and  many  other  uses  have  been  found  for  feld- 
spars of  the  different  grades,  it  is  a  noteworthy  fact  that  in  few  dis- 
tricts is  a  feldspar  deposit  being  worked  for  more  than  one  or  at  most 
two  grades.  If  the  deposit  is  opened  for  a  pottery  feldspar,  the 
grades  of  feldspar  not  suited  for  this  use  are  either  not  removed  in 
the  mining  or  if  the  nature  of  the  deposit  makes  their  removal  a 
necessity  they  are  thrown  on  the  dump  and  there  mixed  with  over- 
burden and  other  refuse  and  their  recovery  at  a  later  date  would  be 
more  expensive  than  original  mining.  If  the  quarry  is  opened  for  a 
low-grade  feldspar,  the  entire  deposit  suited  for  this  use  is  mixed 
and  sold  for  this  purpose,  no  attempt  being  made  to  separate  the 
high-grade  feldspar  that  might  be  marketed  for  special  purposes. 
The  few  attempts  made  in  the  past  to  select  the  feldspar  into  grades 
met  with  discouragement  because  the  supply  of  choice  feldspar  was 
then  so  great  that  no  special  demand  existed  for  pure  feldspais.  In 
recent  years  some  of  the  older  and  more  extensive  deposits  of  pottery 
feldspar  have  become  depleted  of  their  choice  feldspar  and  it  has 
become  a  common  practice  to  obtain  pure  feldspar  in  limited  quantity 
from  a  new  quarry  and  blend  this  with  the  output  of  the  old  one  to 
make  a  marketable  product,  thus  prolonging  the  life  of  the  quarry 
as  a  producer  of  pottery  feldspar. 

The  deposits  from  which  the  choice  feldspar  is  obtained  are  left 
in  the  same  condition  as  the  quarries  for  the  improvement  of  which 
the  choice  material  is  sought.  The  quarries  thus  robbed  are  in  most 
instances  small  or  handicapped  by  pooi  transportation  facilities. 
After  the  choice  feldspar  has  been  removed  they  are  abandoned  and 
often  are  fiUed  with  refuse  so  that  reopening  would  not  in  most  cases 
be  practicable.  If  the  necessary  pure  feldspar  can  be  obtained  from 
the  quarries  now  opened  and  worked  for  low-grade  feldspars,  this 
system  of  incomplete  mining  can  be  largely  dispensed  with. 

That  the  present  demand  for  a  pure  feldspar  in  many  of  the  indus- 
tries is  unwarranted  is  evidenced  by  practices  both  in  England  and 
throughout  Continental  Europe. 

The  enormous  white-ware  industries  of  Staffordshire,  England,  are 
dependent  upon  the  coarse  granites  or  pegmatites  of  Cornwall  for 
their  feldspathic  material.  This  district  does  not  produce  any  piure 
feldspar,  but  only  material  that  is  a  mixture  of  feldspar  and  quartz 
with  minor  other  minerals.  The  success  which  has  attended  the  use 
of  this  material  is  indicated  by  the  fact  that  enormous  quantities  of 
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crude  ''Cornwall  stone ^'  are  annually  imported  iAto  the  United 
States  for  manufacturers  who  find  it  more  satisfactory  for  their  pur- 
poses than  any  of  the  American  feldspars. 

In  France  the  supply  of  feldspar  is  limited  indeed,  and  the  famous 
wares  of  Limoges  are  to-day  made  from  semiweathered  pegmatites 
of  the  St.  Yrieix  district.  These  are  crushed  and  pulverized  by  wet 
grinding,  and  to  them  are  added  what  additional  kaolin  and  ffint  is 
necessary  to  produce  the  desired  strength  for  molding  and  the 
demanded  translucency  when  fired. 

The  feldspars  of  Scandinavia  are  also  in  reality  pegmatites  if  one 
may  judge  from  the  analyses  obtainable. 

The  foregoing  indicates  that  deposits  of  pure  feldspar  no  longer 
are  available  for  the  use  of  the  European  manufacturer,  and  he  has 
found  it  possible  to  produce  an  equally  satisfactory  ware  from  a 
mixture  of  feldspar  and  such  other  minerals  as  are  not  actually  inju- 
rious when  the  material  is  properly  prepared. 

Toward  this  same  condition  the  American  user  of  feldspar  is  rap- 
idly approaching  and  conditions  are  not  improved  by  ignorance  of 
the  gradual  change  that  is  occurring  or  by  imagining  that  the  same 
quality  of  material  is  being  suppUed  as  was  obtained  when  the 
deposits  were  first  opened. 

As  the  necessity  for  substitution  becomes  apparent,  the  importance 
of  a  more  thorough  knowledge  of  the  different  feldspar  producing 
districts  of  this  country  increases. 

GENERAL   CONDITIONS    GOVERNING    THE    MINING    OF 

FELDSPAR. 

In  mining  feldspar  the  personal  judgment  of  the  operator  and  his 
numerous  employees  regulates  the  quaUty  of  crude  material  accepted 
and  on  the  uniformity  of  this  selection  the  manufacturer  depends  for 
the  maintenance  of  the  quality  of  his  ware.  Fortunately  in  most  of 
the  feldspar  quarries  the  men  employed  have  been  trained  by  long 
acquaintance  with  the  feldspars  of  the  district,  otherwise  serious 
error  in  selection  might  easily  result.  The  ordinary  process  of  sort- 
ing the  feldspar  is  as  follows: 

The  quarried  rock  is  piled  in  long  rows  and  then  a  crew  of  men 
provided  with  light  sledges  sort  the  pieces,  breaking  off  the  impure 
parts.  By  this  system,  known  as  '^ cobbing,"  the  rock  is  prepared 
for  the  miU. 

The  accepted  material  is  then  heaped  in  an  open  space,  where  it  is 
exposed  to  the  weather  for  a  few  weeks  in  order  that  the  rains  may 
carry  away  any  dirt  which  may  be  adhering  to  the  broken  stone. 
The  length  of  time  allowed  for  the  elements  to  effect  the  cleaning  of 
the  rock  is  dependent  largely  on  the  urgency  of  the  demand  for  the 
crude  material.    All  crude  feldspar  was  formerly  subjected  to  a 
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thorough  washing  but  this  practice  has  been  abandoned  in  recent 
years.  Another  cause  of  serious  contamination  is  surface  water  con- 
taining iron  salts  which  runs  down  the  faces  of  the  quarry  and 
stains  the  rock.  These  stains  or  incrustations  on  drying  adhere  so 
firmly  that  any  ordinary  method  of  cleaning  or  washing  fails  to 
remove  them. 

ORIGIN,  CHARACTER,  AND  MODE  OF  OCCURRENCE    OF 

THE  FELDSPATHIC  ROCKS. 

All  the  feldspar-bearing  rocks  are  of  igneoas  origin — that  is,  they 
have  solidified  from  molten  masses.  The  potash  and  soda  feldspars, 
with  which  this  work  deals,  are  f oimd  chiefly  in  granites,  which  gen- 
erally occur  as  vast  intruded  masses  and  consist  essentially  of  quartz, 
feldspars,  micas,  and  hornblende.  Granite  masses  generally  contain 
bodies  of  rock  that  is  similar  in  composition  to  the  granite  itself  but 
was  intruded  after  the  latter  had  more  or  less  solidified.  These 
intrusions  are  named  according  to  the  angle  of  their  dip;  those  nearly 
vertical  are  called  dikes  and  those  more  nearly  horizontal  are  called 
siUs. 

These  dikes  or  sills  are  generally  pegmatite — that  is,  they  are 
coarsely  crystalline  granite  in  which  feldspar  and  quartz  are  the 
chief  constituents;  the  other  granite  constituents  may  bd  totally 
absent  or  replaced  by  rare  minerals.  This  pegmatite  is  the  source  of 
supply  of  the  feldspar  of  commerce. 

The  character  of  the  pegmatite  dikes  and  sills  varies  widely.  In 
some  dikes  the  rock  is  of  a  comparatively  uniform  texture  throughout 
and  its  contact  wth  the  granite  walls  which  inclose  it  may  be  indis- 
tinct, indicating  more  or  less  blending  of  the  two  at  the  time  of  intru- 
sion. Other  dikes  consist  of  a  number  of  dbtinct  and  separate  bands 
of  rock  of  widely  differing  composition,  indicating  several  distinct 
periods  in  the  process  of  soUdification. 

When  the  crystallization  is  very  coarse  or  the  constituents  of 
the  dike  are  separated  into  distinct  bands  it  is  sometimes  possible  to 
obtain  feldspar  in  commercial  quantity  absolutely  free  from  associate 
minerals.  In  most  dikes  the  feldspar  and  quartz  are  crystallized  too 
intimately  to  permit  of  such  a  separation  and  the  most  that  can  be 
accomplished  is  the  elimination  of  such  associated  minerals  as  are 
segregated  or  sufficiently  coarsely  crystalline. 

The  origin  of  pegmatite  intrusions  has  been  explained  in  various 
ways,  but  they  are  generally  conceded  to  be  of  the  same  general  mass 
as  the  original  granite  and  to  have  been  intruded  into  openings  formed 
by  eruptions  of  gases  and  vapors  or  by  cracking  of  the  crust  of  the 
granite  mass  on  cooling.    Often  these  crevices  or  ruptures  extend 
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beyond  the  granite  mass  and  thus  pegmatite  dikes  are  often  found 
extending  through  several  different  types  of  surface  rock. 

The  shape  of  the  dike  is  always  lenticular,  as  would  be  expected  of  a 
mass  intruded  imder  greatly  varying  pressure  into  a  mass  of  widely 
differing  density.  As  the  form  of  cooling  cracks  in  a  mass  of  solidify- 
ing granite  would  naturally  vary  in  direction  and  width,  the  ext-ent 
and  directions  of  the  pegmatite  mass  are  very  irregular,  a  zone  of  easily 
ruptured  granite  resulting  in  an  expanded  lens  of  p^matite  which 
may  abruptly  pinch  out  or  be  reduced  to  a  mere  stringer  that  at  an 
uncertain  distance  expands  again  to  a  lens. 

The  structure  of  such  a  deposit  is  as  variable  as  the  dimensions. 
A  pegmatite  dike  may  abruptly  change  from  a  coarsely  crystalline 
mass,  practically  free  from  any  minerals  except  feldspar  and  quartz, 
to  a  finely  crystalline  mixture  containing  amounts  of  associate  min- 
erals which  render  it  valueless  as  a  source  of  commercial  feldspar. 
Bodies  of  rock  similar  in  composition  to  the  wall  rock  are  often  found 
completely  inclosed  within  the  dike.  These  bodies  or  horses  are  most 
frequently  found  in  the  larger  lenses  and  generally  have  sharply 
defined  outlines,  so  that  if  reasonable  care  is  exercised  in  mining  no 
contamination  of  the  feldspar  need  result  from  their  presence. 

This  uncertainty  in  the  continuity  and  imiformity  of  all  pegmatite 
dikes  must  be  taken  into  consideration  in  the  development  of  any  such 
deposit.  Only  by  the  most  thorough  preliminary  prospecting  and 
sampling  can  the  operator  be  insured  against  f  ailiu*e  through  the  sud- 
den alteration  or  pinching  out  of  the  deposit. 

A  peculiarity  of  many  dikes  is  the  occurrence  of  remarkably  clean 
pegmatite  in  considerable  quantity  in  the  upper  part  of  the  dike, 
whereas  at  a  depth  of  10  to  15  feet  the  different  iron-bearing  minerals 
begin,  and  the  dike  rapidly  changes  to  a  coarse  biotite  or  hornblende 
granite  and  at  greater  depths  to  a  fine-grained  granite,  which,  however, 
is  rarely  of  such  quality  as  to  be  of  any  value.  .  This  form  of  structure 
has  been  the  cause  of  much  trouble  where  only  surface  samples  have 
been  taken  before  quarrying  was  begun.  Surface  areas  of  clean 
pegmatite  imderlaid  by  impure  material  are  rarely  of  great  extent 
and  were  it  not  for  the  fact  that  they  often  extend  across  the  entire 
width  of  the  dike  could  be  easily  detected  and  classified  as  lenses  in 
the  dike.  Along  the  strike  of  the  dike  in  both  directions  the  dike 
material  graduaUy  changes  to  impure  coarse  granite,  so  that  a  proper 
survey  would  have  warned  the  prospector  of  the  imcertainty  of  the 
clean  pegmatite  continuing  with  depth. 

The  presence  of  a  capping  canying  a  high  content  of  biotite  and 
garnets  and  so  mixed  with  impurities  as  to  condemn  it  as  a  possible 
source  of  feldspar  has  led  many  prospectors  to  ignore  dikes  which 
contain,  below  the  surface,  pegmatite  of  a  quality  equal  or  superior  to 
much  that  is  now  being  marketed.    These  cappings  are  sometimes 
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only  a  few  inches  thick,  but  generally  average  1  to  2  feet  thick,  and 
the  removal  of  1  or  2  additional  feet  of  rock  is  often  necessary  before 
pegmatite  of  a  marketable  grade  is  reached. 

The  evidence  of  incomplete  prospecting  is  everywhere  apparent  in 
the  districts  investigated  by  the  bureau,  and  many  valuable  deposits 
have  doubtless  been  overlooked  by  such  practices. 

THE  FELDSPAR  DISTRICTS  OF  THE  NEW  ENGLAND  AND 

NORTH  APPALACHIAN  STATES. 

MAINE. 

In  Maine  there  are  at  least  three  distinct  districts  where  feldspar- 
bearing  rocks  exist  in  commercial  quantity  and  several  minor  centers 
which  are  worthy  of  more  thorough  prospecting  than  the  scope  of 
this  investigation  has  peimitted.  The  most  eastern  point  at  which  a 
commercial  grade  of  feldspar  is  found  in  this  State  is  at  East  Orland, 
Hancock  County,  where  dikes  of  a  medium-grade  microdine  pegma- 
tite protrude  in  many  places  several  feet  above  the  surrounding 
country.  The  dikes  are  generally  only  a  few  feet  thick  and  the 
exposed  parts  have  weathered  on  their  surfaces  to  a  mass  of  sand 
(PL  I,  ^),  in  which  the  quartz  grains  and  the  feldspar  particles  have 
been  separated  by  the  weathering,  but  below  the  surface  the  dikes 
seem  solid  and  are  comparatively  free  from  the  injurious  impurities 
of  most  pegmatites.  Inaccessibility  is  the  only  drawback  to  the 
working  of  these  dikes. 

BOOTHLAY  DI8TBICT. 

One  of  the  most  important  feldspar  districts  of  the  United  States 
is  the  Boothlay  district,  which  extends  from  Boothlay  on  the  Atlantic 
coast  to  Mount  Ararat,  north  of  Brunswick,  and  embraces  Sagadahoc 
County  and  the  eastern  part  of  Cumberland  County.  The  feldspar 
of  this  district  is  a  mixtiu'e  of  coarse  microcline  pegmatite  and  large 
masses  of  graphic  granite.  The  dikes  vary  greatly  as  regards  impurity. 
In  the  northern  parts  of  the  district  the  dike  rock  contains  large  lath- 
like crystals  of  biotite,  the  most  common  impurity  in  Maine  feldspar, 
but  in  many  deposits  along  the  coast  that  mineral  is  largely  replaced 
by  black  tourmaline.  Albite  in  very  limited  quantity  is  finely  inter- 
grown  with  the  p^matite.  The  feldspar  of  this  district  is  pale  cream 
in  color,  the  quartz  in  the  pegmatites  is  clear  or  of  the  Ught  shades  of 
the  smoky  variety.  Very  Uttle  massive  sugar  quartz  is  found  in  this 
district.  Beryl,  mostly  of  the  opaque  variety  which  yields  no  gem 
material,  is  not  uncommon  in  the  dikes  along  the  coast.  The  mus- 
covite  is  ruled  and  yields  Uttle  sheet  mica. 
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XOXTNT  APATITB  DI8TBICT. 

The  Mount  Apatite  district  extends  west  and  southwest  from 
Mount  Apatite,  Androscoggin  County.  The  feldspar  occurs  almost 
entirely  as  isolated  p^matite  lenses,  which  lack  uniformity  both  as 
regards  strike  and  dip.  Albite  p^matite  is  associated  with  the 
microcline  p^matite  in  some  deposits  and  is  also  found  entirely 
separate.  Lenses  of  practically  pure  milk-white  albite  are  also  present 
in  a  few  dikes.  These  lenses  are  generally  small  and  not  capable  of 
supplying  any  great  part  of  the  present  demand  for  soda  feldspar. 
One  of  the  drawbacks  to  mining  this  soda  feldspar  is  the  fact  that 
it  is  chiefly  of  the  lamellar  variety  cleavelandite,  which  has  a  pro- 
nounced deavi^e  and  breaks  into  small  particles  on  handling,  thus 
rendering  it  especially  liable  to  contamination  from  surface  material 
and  associated  impurities  in  the  dike.  The  potash  feldspar  is  a  buff- 
colored  microcline  pegmatite  of  coarse  cr3rstaIlization,  intergrown 
with  small  amounts  of  albite.  Biotite  is  present  in  all  the  microcline 
pegmatite  deposits  and  muscovite  in  sufficient  quantity  in  a  few 
deposits  to  justify  its  utilization  for  small  punch  mica. 

The  discovery  of  gem-bearing  pockets  in  the  p^matite  of  this 
district  has  encouraged  the  working  of  many  small  dikes  and  much 
valuable  feldspar  has  been  obtained  as  a  result.  The  chief  gem  min- 
eral sought  is  tourmaline,  which  usually  occurs  inclosed  in  pockets  of 
albite.  * 

XOUNT  MICA  DISTRICT. 

The  Mount  Mica  district  is  situated  in  Oxford  County  with  Mount 
Mica  as  a  center.  There  are  two  distinct  types  of  feldspar-bearing 
formations  in  this  district:  (a)  Sharply  defined  microcline-p^matite 
dikes  standing  almost  vertical  and  having  definite  strike;  and  (b) 
irregular  lenticular  deposits  of  microcline  pegmatite  and  albite  con- 
taining pockets  of  gem  minerals. 

The  sharply  defined  dikes  are  generally  free  from  any  detrimental 
impiu'ities,  except  black  tourmaline  and  biotite,  and  these  are  rarely 
associated  in  the  same  dike.  Garnets  are  present  in  a  few  of  these 
dikes,  but  rarely  in  sufficient  quantity  to  seriously  injure  the  product. 
Muscovite  occurs  in  most  of  these  dikes,  and,  as  a  rule,  is  confined  to 
limited  zones,  which  permits  of  its  easy  removal  in  mining,  or  is  sufiK- 
ciently  coarsely  crystalline  to  permit  of  its  elimination  by  '*  cobbing." 

The  feldspar  of  these  deposits  is  a  pale  buff  to  pale  cream  micro- 
cline. The  associate  quartz  is  chiefly  of  the  smoky  variety,  being 
almost  black  in  some  deposits  near  Mount  Rubellite,  in  the  eastern 
part  of  this  district.  Massive  sugar-quartz  occurs  in  many  of  these 
dikes,  and  in  the  neighborhood  of  Paris  is  a  fine  grade  of  rose  quartz. 

The  irregular  lenses  of  feldspathic  rock  which  are  distributed 
through  this  district  can  hardly  be  said  to  constitute  a  source  of 
feldspar  supply  because  the  feldspar  is  so  hopelessly  mixed  with  other 
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minerals  that  no  miner  would  attempt  to  work  the  lenses  for  their 
feldspar  alone.  In  the  search  for  gems,  which  are  found  chiefly  in 
this  type  of  formation,  much  feldspar  has  been  exposed  and  from 
time  to  time  this  has  been  removed  and  has  added  considerably  to 
the  feldspar  production  of  the  district.  The  feldspar  of  these 
deposits  is  a  pale  buff  microcline  and  a  milk-white  albite. 

OTHER  DBPOSXTS. 

There  are  many  small  dikes  of  pegmatite  in  the  State  of  Maine, 
which  are  not  iacluded  in  these  districts,  but  they  do  not  differ  mate- 
rially from  the  feldspars  recorded.  Throughout  the  State  of  Maine 
a  remarkable  uniformity  prevaik  both  in  the  potash  and  the  soda 
feldspars. 

ANALYSES  OF  MAINE  TBLDSPABS. 

Samples  of  potash  feldspar  taken  from  various  deposits,  from 
south  to  north  across  the  State,  show  the  following  analyses: 

Analyses  of  potash  feldspars  of  Maine. 
[A.  C.  Fieldner,  analyst.] 
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19.39 

.10 

Trace. 

Trace. 

2.52 

12.58 

Percent. 
64.97 
19.48 
.04 

Percent. 
65.48 
19.39 
.OS 

AliO, 

a^.V.::::::: 

MeO 

Trace. 

2.56 

11.76 

Trace. 

2.85 

11.51 

nSo..:::::: 

KfO 

These  potash  feldspars  have  a  deformation  range  of  1,275®  C.  to 
about  1,295®  C.  (cone  7-f  to  cone  8-f ).  They  fuse  to  a  transparent 
glass  practically  free  from  color. 

The  soda  feldspars  of  the  Mount  Apatite  district  show  the  following 
compositions: 

Analyses  of  soda  feldspars  from  Mount  Apatite  district. 

[A.  C.  Fieldner,  analyst.) 


Constitueiit. 

Albite. 

Albite  peg- 
matite. 

SiO» 

PercerU. 

66.36 

21.35 

.12 

1.10 

.21 

9.74 

.73 

Percent. 

71.55 

18.11 

.16 

.46 

Trace. 

8.72 

.64 

caO. v.! !!!!!! 
MgO 

nSo..:::.:: 

KfO 

These  soda  feldspars  have  a  deformation  range  of  1,270®  C.  to  about 
1,275®  C.  (cone  7  to  cone  7  +  ). 
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NEW  HABfPSlimE. 

The  pegmatite  of  New  Hampshire  has  never  been  quarried  for  its 
feldspar  content,  but  a  quarry  near  North  Groton,  Groton  County, 
has  been  opened  for  mica,  and  the  feldspar  of  this  deposit  is  similar 
to  the  Maine  feldspar  as  regards  physical  properties  and  pyrometric 
behavior.     No  analysis  is  available. 

MASSACHUSETTS. 

An  irregular  dike  of  pegmatite  containing  many  lenses  of  pure  feld- 
spar has  been  opened  near  Blandford,  Hampden  County,  Mass. 
This  deposit  consists  of  a  cream-colored  feldspar,  coarsely  crystalline, 
associated  with  a  clear  or  slightly  smoky  quartz.  Optical  and  pyro- 
metric t<ests  indicate  that  it  is  a  feldspar  high  in  potash  and  low  in 
soda.  As  no  similar  dikes  are  exposed  in  the  vicinity  of  the  quarry, 
and  it  had  been  abandoned  on  account  of  the  expense  of  hauling  to 
the  railroad,  which  is  4  nules  distant  at  Russell,  Mass.,  this  feldspar 
was  not  analyzed.  A  careful  survey  of  this  district  would  doubtless 
result  in  the  discovery  of  other  deposits  of  potash  feldspar  of  equally 

high  quality. 

CONICBCTICUT. 

The  feldspar-bearing  pegmatites  of  Connecticut  are  situated  along 
the  banks  of  the  Connecticut  River  in  Hartford  and  Middlesex  Coun- 
ties, for  a  distance  of  about  20  miles.  The  center  of  this  district  is 
Middletown,  and  the  feldspar  deposits  north  of  this  point  are  confined 
to  the  east  side  of  the  river,  whereas  south  of  Middletown  the 
deposits  are  found  on  both  sides  of  the  river. 

The  feldspars  are  constituents  of  coarse  pegmatites  which  occur  as 
well  defined  dikes  of  varying  size  and  having  a  general  northeast 
strike.  The  pegmatites  of  Connecticut  are  more  free  from  associate 
minerals  than  those  of  Maine,  but  in  structure  and  color  the  pegma- 
tites of  these  two  States  are  remarkablv  similar.  Small  lenses  of 
albite  or  albite  pegmatite  are  perhaps  more  common  in  Coimecticut 
and  the  quartz  content  of  the  dikes  is  undoubtedly  slightly  higher 
than  in  Maine,  but  the  method  of  handling  the  quarried  product  will 
control,  to  a  great  extent,  the  content  of  both  these  minerals  in  the 
marketed  product.  The  amount  and  mode  of  occurrence  of  black 
tourmaline  and  biotite  are  about  the  same  as  in  the  Maine  deposits, 
muscovite  is  perhaps  slightly  less  prevalent  but  occurs  in  a  finer 
state  of  subdivision.  Garnets  are  rarely  present  and  then  only  in 
negligible  quantity;  beryl  is  rarely  found  in  quantity. 

The  general  uniformity  of  the  potash  feldspars  occurring  in  peg- 
matite in  Connecticut  is  shown  in  the  following  analyses  of  samples 
taken  from  different  parts  of  the  district: 


FELDSPAR  DI8TBICT8. 

Analyiea  of  Connecticut  poUuhfeldtpan. 
[A.  C.  Fieldner,  analyst.] 
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Constitaent. 

A. 

B. 

C. 

SiOf 

Percent. 

04.65 

19.10 

.14 

Trace. 

Trace. 

2.32 

12.58 

PereenL 

05.24 

19.74 

.12 

None. 

None. 

3.04 

11.84 

Percent. 

00.02 

18.99 

.06 

None. 

None. 

3.12 

10.90 

AlfOi 

FeiO, 

C^O 

llgO 

NafO 

K|0 

These  feldspars  have  a  deformation  range  of  1,275®  C.  to  1,200®  C. 
(cone  7  +  to  cone  8).  They  are  pale  buff  to  pale  cream  and  fuse  to 
a  practioally  colorless  transparent  glass. 

Soda  feldspar  does  not  exist  in  commercial  quantity  in  Con- 
neoticut,  but  a  limited  amount  could  be  obtained  by  careful  selection 
in  handling  the  crude  rock  from  the  different  quarries,  as  it  gener- 
ally occurs  as  small  well-defined  lenses  in  the  pegmatite,  and  also 
as  perthitic  intergrowths  in  most  of  the  microclines. 

NBW  TOUL 

The  feldspars  of  New  York  vary  widely  and  do  not  in  any  respect 
resemble  the  feldspars  of  New  England  deposits. 

The  nature  of  the  deposits,  the  mode  of  occurrence,  and  the  gen- 
eral location  divide  the  feldspar-bearing  deposits  of  New  York  into 
three  districts:  The  Tioonderoga,  the  Batchellerville,  and  the  West- 
chester. 

TICONDBBOaA  DI8T&I0T. 

The  Ticonderoga  district  includes  the  territory  about  Crown  Point 
and  Ticonderoga,  Essex  County.  The  feldspar  of  this  district  con- 
sists of  a  coarsely  crystalline  mixture  of  pearl  gray  microcline  and 
sea-green  plagioclase,  the  greater  part  being  plagioclase,  and  contains 
much  less  quartz  than  the  New  England  pegmatite.  Biotitc  is  the 
chief  associated  impurity  and  large  quantities  in  the  form  of  ^'books'' 
are  scattered  throughout  the  entire  deposit.  It  is  extremely  brittle 
and  its  removal  by  cobbing  would  be  difficult.  Calcite  is  intimately 
crystallized  with  the  microcline  in  some  deposits  and  its  removal 
by  cobbing  would  be  almost  impossible.  The  microcline  has  a  highly 
developed  cleavage  and  generally  breaks  into  small  cubelike  frag- 
ments on  the  least  blow,  which  adds  to  the  difficulty  of  removing 
this  material  in  an  uncontaminated  state.  The  plagioclase  has  no 
pronounced  cleavage  and  breaks  with  more  or  less  conchoidal  frac- 
ture. It  is  opaque  and  has  a  vitreous  luster.  It  contains  from  0.50 
to  0.60  per  cent  of  iron  oxide,  although  its  color  when  fused  would 
indicate  a  much  higher  iron  content.  It  deforms  at  a  temperature 
of  1,450®  C.  (cone  16)  and  would  harden  a  potash-soda  feldspar  and 
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hence,  even  if  it  were  colorless,  would  be  an  injurious  admixture. 
The  microclines  of  this  district  are  quite  uniform  in  composition  with 
the  exception  of  the  alkali  content,  which  is  slightly  variable,  as  is 
apparent  by  the  deformation  temperatures  of  the  feldspars. 

The  f eldspathic  dikes  of  the  section'  are  worked  solely  for  material 
to  be  used  in  the  manufacture  of  prepared  roofing  and  for  poultry 
grit.  The  presence  of  the  impurities  is  therefore  not  of  importance. 
Operators  claim  that  attempts  to  sort  the  high-grade  feldspar  from 
the  bulk  of  the  dike  material  have  not  been  profitable  owing  to  the 
small  proportion  of  feldspar  of  a  sufficiently  high  grade  to  command 
a  special  price,  and  the  greatly  increased  expense  of  handling.  Small 
quantities  of  high-grade  feldspar  could,  however,  be  obtained  merely 
by  selection  when  quarrying  exposes  a  lense  of  pure  or  nearly  pure 
microcline,  and  this  selection  should  not  greatly  increase  the  expense 
of  production,  although  it  might  necessitate  a  slight  shift  of  quarry- 
ing operations  while  the  high-grade  material  was  being  removed. 
The  dikes  of  this  district  are  very  extensive  both  as  to  width  and 
length,  and  it  is  to  be  regretted  that  the  bulk  of  their  contents  is  so 
low  grade. 

BATGHELI.BBVILLB  DISTRICT. 

The  Batchellerville  district  is  situated  in  Saratc^a  and  Fulton 
Counties,  its  center  being  near  Batchellerville.  The  feldspar  of  this 
district  consists  largely  of  a  pearUgray  microcline  pegmatite  similar 
to  that  of  the  Ticonderoga  district.  The  sea-green  plagioclase  is 
absent  and  the  only  soda  feldspar  present  in  independent  masses  is 
a  few  small  lenses  of  a  peculiar  milk-white  plagioclase,  carrying 
about  4.50  per  cent  CaO  and  8.50  per  cent  Na^O.  The  feldspars  con- 
tain small  crystals  of  biotite,  which  is  present  in  large  amoxmts  only 
in  the  capping  material.  Qamets  are  found  in  only  one  dike  and 
not  throughout  the  full  extent  of  this  deposit.  Most  of  these  p^mar- 
tites  contain  muscovite.  A  graphic  granite  structure  was  noted  at 
several  points  in  this  district.  One  dike  of  saknon-colored  feldspar 
occurs  within  this  district  and  this  feldspar  was  found  on  analysis  to 
contain  14  per  cent  K^O,  which  accounts  for  its  temperature  range 
of  deformation,  1,280®  to  1,300®  C.  The  pegmatites  have  a  lower 
quartz  content  and  a  lower  average  proportion  of  impurities  than 
the  New  England  pegmatites,  and  although  not  as  uniform  in  com- 
position as  the  New  England  feldspars  the  coarsely  crystalline 
structure  permits  of  a  more  complete  elimination  of  the  associate 
minerals  than  is  possible  in  New  England.  The  feldspars  of  this  dis- 
trict are  famous  for  their  fine  color  and  have  been  drawn  on  exclu- 
sively for  use  in  raising  the  quality  of  the  output  from  semiexhausted 
quarries  in  other  districts.  Lack  of  railroad  facilities  has  been  the 
chief  drawback  in  the  general  development  of  the  feldspar  deposits 
of  this  district. 


FELDSPAR  DISTRICTS. 
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ANALT8ES  OF  FELDSPARS   FROM   BATOHELLERVILLE  DISTRICT. 

Some  representative  feldspars  of  this  district  show  the  following 
analyses: 

AnalyHi  offeldtparg  of  the  BatchelUfvUle  dittrkt. 

[Robert  Back,  analyst.] 


ConsUtuent. 

Pearl-my 
microeiJxie. 

Salmon 
mlcrodina. 

Plagiodase. 

lenltfonloas.. 
SlOj 

Percent. 

0.26 

65.14 

19.38 

.29 

.01 

.44 

.14 

Percent. 

0.17 

64.26 

18.78 

.43 

Percent. 

0.54 

61.91 

23.60 

.40 

A1.0, 

FaiO, 

TIOi 

CaO 

.33 

.14 

4.37 
.13 

MgO 

BaO 

KtO 

11.28 
8.61 

14.15 
2.01 

L17 
8.40 

NaiO 

WB8TGHBSTBB  OOUNTT  DISTBIOT. 

The  Westchester  County  district  has  comparatively  narrow  limits. 
It  has  its  center  in  an  enormous  pegmatite  dike  of  widely  varying 
structure  situated  just  east  of  Bedford  village  and  includes  numerous 
smaller  dikes  or  stringers  of  this  main  dike,  all  within  a  radius  of  a 
few  miles.  The  main  dike  consists  of  at  least  four  distinct  types  of 
feldspar.  The  eastern  part  is  a  pink  to  salmon  microcline  almost 
free  from  quartz  and  associated  with  an  albite  pegmatite.  Small 
lenses  of  a  chalky  white  albite  free  from  quartz  are  scattered  through 
this  part  of  the  dike.  The  crystallization  in  these  three  types  of 
feldspar  is  relatively  coarse  and  their  separation  on  a  commercial 
scale  is  entirely  practical.  Biotite  is  associated  with  the  soda  feld- 
spars in  some  parts  of  the  deposit,  but  such  parts  could  be  easily 
eliminated  in  sorting.  Many  large  lenses  of  sugar  quartz  occur  in 
this  dike. 

To  the  west  of  the  main  deposit  and  at  a  level  about  80  feet  below 
it  is  an  enormous  lens  of  cream  and  dark  buff  microcline  pegmatite, 
of  much  finer  crystallization  as  regards  feldspar  and  quartz,  some 
parts  of  it  being  graphic  granite.  Biotite  is  associated  with  the 
feldspar  of  this  lens,  but  can  be  eliminated  by  cobbing,  and  hence  does 
not  constitute  a  menace  to  the  mining  of  the  material  for  pottery 
feldspars.  Albite  pegmatite  of  good  quality  is  also  present  in  this 
part  of  the  deposit.  To  the  east  of  the  main  deposit  are  several 
small  dikes  of  cream-colored  microcline  pegmatite  which  is  coarsely 
crystalline,  contains  little  albite,  much  massive  sugar  quartz,  and  no 
graphic  granite. 

Because  of  the  great  variety  of  feldspars  in  this  district  special 
caution  is  needed  in  mining  and  selection,  otherwise  a  great  variation 
in  maturing  temperatures  and  rate  of  deformation  will  result.    If 
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proper  care  is  exercised,  however,  the  district  is  capable  of  producing 
excellent  grades  of  potash  and  soda  feldspar,  although  the  latter 
would  contain  a  considerable  amount  of  free  quartz.  The  feldspars 
of  this  district  have  been  drawn  on  in  the  past  chiefly  to  supply  the 
enamel  and  glass  industries,  and  no  effort  has  been  made  to  meet 
the  demand  of  the  potter  for  a  finely  pulverized  product  absolutely 
free  from  coloring  material. 

PROPEBTIES    OF    FELDSPARS    FROM    WESTCHESTER    COUNTT    DISTRICT. 

The  microdine  both  of  the  salmon  and  buff  varieties  fuses  to  a 
practically  colorless  glass  and  has  a  deformation  range  of  1,265^  to 
1,280^  C.  The  albite  pegmatite  fuses  to  a  milk  white  enamel  and 
has  a  deformation  range  of  1,265^  to  1,270^  C,  notwithstanding  its 
high  quartz  content.  The  representative  feldspars  of  this  district 
show  the  following  analyses: 

Analyses  of  feldspars  of  Westchester  County  district. 


CoDstltutnt. 

Salmon 
microeliiia.« 

Buff 
mkrocllDo 
peKi]iatita.» 

Albito 
pegBiatlt«.« 

Irnltlonloss... 
slot 

Percent. 

0.22 

04.82 

18.87 

.29 

.01 

.23 

.16 

Trace. 

13.11 

2.70 

PercerU. 

0.28 

60.45 

16.76 

.20 

None. 

.45 

.05 

.10 

0.80 

2.60 

PereenL 

0.40 

73.88 

15.73 

.36 

.01 

.86 

.36 

AlfOi 

F^iOt 

Tio,!:.. .::::: 

CaO 

llgO 

BaO 

KtO 

.48 

7.07 

NafO 

Total 

100.41 

00.60 

100.05 

• 

a  Robert  Back,  analyst.     ^  D.  7.  Demorest,  analyst. 
PENNSYLVANIA. 

The  only  feldspar  producing  district  of  Pennsylvania  is  situated 
west  of  Philadelphia  in  Delaware  and  Chester  Counties,  between  the 
Delaware  and  the  Susquehanna  Rivers.  Most  of  the  quarries  are 
within  hauling  distance  of  the  Philadelphia,  Baltimore  &  Wash- 
ington Railroad.  One  deposit  near  Pomeroy,  on  the  Pennsylvania 
Railroad,  is  also  worked,  but  the  output  is  sold  exclusively  as  poultay 
grit. 

The  feldspars  of  Pennsylvania  comprise  two  forms  of  microdine 
pegmatite  and  two  of  albite  pegmatite.  These  feldspars  have 
enjoyed  excellent  reputations  for  quahty,  but  the  large  deposits 
have  been  exhausted  and  now  operations  are  confined  to  smaller 
dikes  and  to  the  resorting  of  the  rejects  from  the  older  workings. 
Not  a  single  quarry  in  Pennsylvania  is  producing  enough  material 
at  the  present  time  (April,  1915)  to  operate  a  grinding  mill,  the 
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products  of  several  small  quarries  being  purchased  and  delivered  to 
a  central  mill  which  blends  them. 

The  microclines  of  Pennsylvania  may  be  divided  into  two  general 
classes:  (a)  A  buff  microcline  occurring  as  a  pegmatite  of  medium 
coarse  crystallization  in  most  dikes,  but  occasionally  occurring  as  a 
graphic  granite;  and  (b)  a  salmon  microcline  occurring  as  small 
lenses  in  the  buff  pegmatite  and  in  a  few  instances  as  the  chief 
microcline  constituent  of  an  albite  pegmatite  dike.  These  two 
forms  of  microcline  do  not  differ  widely  in  composition,  as  indicated 
by  the  following  analjrses: 

Analytes  of  Pennsylvania  microdines. 
[D.  J.  Demorest,  analyst.) 


CoDStituent. 


Lmttlonloss... 

fflOf 

AWH 

FeiOt 

CaO 

NafO 

KfO 


Salmon 

Buff  microcline. 

micro- 

cline. 

Percent. 

Percent. 

Percent. 

Per  cent. 

0.33 

0.30 

0.21 

0.12 

04.40 

03.68 

04.36 

64.70 

90.23 

19.98 

30.01 

19.60 

.00 

.20 

.20 

.03 

.00 

.13 

.40 

.05 

2.n 

3.00 

3.48 

3.76 

13.02 

13.23 

13.44 

< 

11.87 

The  associate  quartz  is  generally  a  pale  smoky  variety.  Massive 
quartz  as  sugar  quartz  is  less  common  in  the  microcline  pegmatites 
of  Pennsylvania  than  in  those  of  New  England  and  New  York. 
Biotite  is  associated  with  the  microcline  in  most  deposits,  but  gen- 
erally not  to  such  an  extent  as  to  disqualify  the  dike  material  for 
pottery  uses. 

Garnets  are  also  present  in  a  few  deposits,  but  are  generally  con- 
fined to  limited  zones  which  can  be  eliminated  by  careful  mining. 

All  the  microcline  pegmatites  contain  muscovite  in  small  flakes 
but  the  amount  present  in  this  form  constitutes  so  small  a  percentage 
of  the  total  mass  that  its  injurious  influence  need  not  be  considered. 
Where  present  as  *' books''  or  small  blocks,  it  can  generally  be 
eliminated  in  sorting.  The  amount  of  block  mica  is  not  sufficient  to 
afford  any  considerable  income  to  the  operator. 

The  albite  pegmatite  of  Pennsylvania  occurs  in  two  distinct 
forms:  One  of  these  forms  consists  of  intimately  mixed  albite  and 
quartz  and  is  similar  to  the  micfocUne  pegmatite  except  that  the 
content  of  free  quartz  as  a  rule  is  greater  and  the  feldspar  is  an 
opaque  white,  that  of  the  microcline  feldspar  being  a  transparent  or 
translucent  white.  The  results  of  an  analysis  of  a  sample  of  the 
albite  pegmatite  follow. 
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i$  of  albiU  pegwiatiU. 
[D.  1.  DrnMrat,  MMlyst.] 


Ignition  loas. 
SiO, 


PVoent. 
.  0.42 
.  74.60 


AljO, 15.66 

Fe/), 05 

TiO, 


CaO.. 
MgO. 
NagO. 


2.75 


6.33 
.65 


100.46 

The  high  content  of  quartz  in  this  type  of  soda  pegmatite  caused 
it  to  be  rejected  during  the  early  years  of  feldspar  mining  in  Penn- 
sylvania, but  as  the  pure  feldspar  masses  became  exhausted  and  the 
graphic  granite  came  into  use  as  a  source  of  feldspar  this  soda 
pegmatite  came  into  use  also.  Hence  the  feldspar  of  Pennsylvania 
that  is  marketed  to-day  has  not  only  a  higher  quartz  content,  but 
it  also  contains  more  soda  than  the  feldspar  mined  in  the  early  years 
of  operation  in  this  district.  As  evidence  of  this  analyses  of  three 
samples  of  potash  feldspar  taken  from  the  same  mill  at  intervals  of 
three  years  are  given  here: 

Analyses  of  sample*  of  potash  feldspar  taken  at  S-year  inUrvaU 

[D.  J.  Demorast,  analyst.] 


1 

1 
Constituent. 

Composition  of  sample. 

1904 

1907 

1910 

Ignition  loss.. 
810f 

Percent. 
0.80 
65.78 
10.12 

Percent. 

0.17 

6&60 

18.40 

.54 

.30 

.14 

2.00 

10.52 

Percent. 

0.42 

69.05 

17.40 

.15 

.12 

AljO. 

FeiOt 

CaO 

.41 

.12 

1.82 

11.91 

MgO 

nSo...:..:: 

KjO 

2.97 
10.03 

Total.... 

99.96 

100.67 

100.14 

Another  form  of  albite  p^matite  peculiar  to  Pennsylvania  and  a 
small  part  of  the  State  of  Maryland  immediately  adjacent  consists  of 
lenses  of  practically  pure  albite  coarsely  mixed  with  a  magnesium 
hydrosilicate.  Bastin^  refers  to  these  as  pegmatites  but  not  in  the 
sense  that  they  are  mixtures  of  feldspar  and  quartz,  as  these  deposits 
contain  no  free  crystalline  quartz.  The  only  other  minerals  Inti- 
mately associated  with  the  feldspar  in  these  deposits  are  a  dark 


a  Bastin,  £.  8.,  Economic  geology  of  the  feldspar  deposits  of  tbe  United  States:  U.  S.  Geol.  Survey 
Bull.  420, 1910,  pp.  68-72. 
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green  hombleiule  and  muscovite.  The  latter  occurs  only  in  smaU 
amounts;  the  hornblende  is  scattered  throughout  the  deposits  and 
must  be  carefully  removed,  because  it  imparts  a  dark  color  to  the 
feldspar  when  fused.  The  enormous  deposits  of  this  albite  in  Chester 
County,  for  which  this  district  has  been  justly  famous,  have  been 
almost  exhausted  and  operations  are  now  confibtied  to  a  few  narrow 
dikes  which  are  doubtless  stringers  of  the  main  deposits. 

Thus  it  seems  that  Pennsylvania  has  b^un  to  decline  as' a  feldspar 
producer,  and  unless  new  and  extensive  deposits  of  superior  quality 
are  found,  the  consumer  must  look  elsewhere  for  at  least  a  large  part 
of  the  supply  formerly  obtained  from  this  State. 

MAKTLANB. 

Maryland's  feldspar  producing  area  lies  along  the  line  of  the  Balti- 
inore  &  Ohio  Railroad  in  Howard  and  Baltimore  Counties.  The 
quality  of  feldspar  obtained  from  Maryland  quarries  varies  greatly, 
but  this  is  due  both  to  the  methods  employed  in  working  the  deposits 
and  to  the  nature  of  the  deposits  themselves.  In  some  places  the 
dikes  are  so  weathered  that  the  material  is  forked  over  to  separate  the 
solid  feldspar  from  the  dirt,  in  a  manner  similar  to  that  employed  in 
recovering  the  feldspar  from  the  old  quarry  dumps  in  Pennsylvania, 
but  in  most  places,  however,  the  dike  rock  is  solid.  The  feldspar 
is  both  microcline  and  albite  pegmatite.  The  microcline  pegmatite 
contains  cream  and  buff  feldspar  similar  in  appearance  to  that  of 
Pennsylvania,  but  analyses  indicate  a  slightly  higher  alumina  and 
lower  silica  content.  The  quartz  content  varies  greatly  for  different 
pegmatites  but  does  not  vary  excessively  throughout  any  given 
deposit. 

The  albite  pegmatite  of  Howard  and  Baltimore  Counties  is  a 
chalky  white  albite  or  plagioclase  mixed  with  quartz  of  a  faint  smoky 
variety.  The  feldspar  component  of  this  pegmatite  does  not  differ 
from  that  of  similar  deposits  in  Pennsylvania,  but  the  proportion  of 
albite  pegmatite  as  compared  to  the  microcline  variety  is  much  higher 
in  Maryland  deposits  than  in  those  of  Pennsylvania,  and  hence  a 
more  easily  fusible  pottery  feldspar  should  be  obtained  from  this 
district  than  from  Pennsylvania. 

The  greatest  obstacle  to  obtaining  high  grade  feldspar  in  Maryland 
is  biotite,  which  occurs  in  a  majority  of  the  dikes  in  tiny  flakes.  Its 
removal  is  imperative  if  an  acceptable  pottery  feldspar  is  to  be 
produced. 

Samples  of  feldspar  representing  the  average  of  these  minerals  in 
Maryland  show  the  following  analyses. 
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Analyies  of  Maryland  pegmatites. 
(D.  J.  Donanot,  analyst.] 


CoDsUtlMOt. 

MicroeUno  p«ginatit«. 

Albitt 

A. 

B. 

C. 

Ignition  loss.. 
fflOi 

Pereeni. 

a39 

65.75 

10.48 

.20 

Percent. 

0.18 

74.30 

14.30 

.30 

Percent. 

0.76 

65.32 

22.00 

.21 

AIKH 

FoiO, 

TiOi 

CaO 

3.78 

UgQ 

NatO 

KgO 

1.87 
11.33 

1.50 
9.48 

6.80 
1.06 

Total. . . 

99.02 

99.90 

100.02 

Small  quantities  of  pure  albite  p^matite  associated  with  magne- 
sium hydrosilicate  are  found  in  Cecil  County  along  the  boundary  of 
Pennsylvania,  which  are  in  every  way  similar  to  those  in  Chester 
County.  No  deposits  of  pure  albite  of  commercial  size  are  now  open 
in  Maryland  and  no  imdeveloped  dikes  of  this  class  of  material  are 
known  to  exist  in  that  State. 

The  p^matite  dikes  of  Maryland  have  not  been  operated  exten- 
sively imtil  very  recently,  and  if  care  is  taken  to  insure  a  high-grade 
product  this  State  can  provide  much  of  the  feldspar  supply  which 
was  formerly  obtained  in  Pennsylvania. 

TBGINIA. 

Feldspar  occurs  at  numerous  points  in  Virginia,  but  the  actual 
production  has  been  veiy  small  and  all  the  operations  have  been  very 
short  lived.  Most  of  the  feldspar  found  in  Virginia  has  been  ex- 
posed in  mica  mines  and  the  methods  of  mining  were  not  adapted  to 
the  economical  recovery  of  the  feldspar.  Dikes  of  feldspar  have  been 
thus  exposed  at  Jetersville  and  Amelia  Courthouse,  Amelia  Coxmty, 
and  near  Hewletts,  Hanover  County,  but  the  extent  of  these  deposits 
has  never  been  determined.  They  all  consist  of  coarse  mixtures  of 
microcline  and  albite  of  excellent  quality  with  very  little  associated 
quartz,  although  massive  sugar  quartz  is  abundant  along  the  walk 
of  the  dikes. 

In  Prince  Edward  County  and  in  Bedford  County  a  coarse  peg- 
matite is  found  which  should  yield  a  good  grade  of  commercial  feld- 
spar. Both  of  these  deposits  were  worked  for  a  short  time  only  and 
operations  were  discontinued  although  there  is  no  evidence  of  the 
deposits  being  worked  out.  The  dike  in  Bedford  County  is  exposed 
over  a  considerable  area  and  an  analysis  shows  it  to  be  a  good  mixed 
feldspar  of  the  following  composition: 
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Analytis  o/fikbparfrom  dike  in  Bedford  County, 

p.  7.  Donorest,  analyst] 

PflroeDt. 

Ignition  Iosb.. 0. 10 

SiO, 68.76 

AljO, 18.56 

FeiOi 03 

CaO 1.25 

NajO 4.29 

KjO 6.85 

Total 99. 83 

Near  Roseland,  Nelson  County,  a  broad  dike  of  albite  and  albite 
pegmatite  carrying  a  high  content  of  rutile  and  ihnenite  is  being 
worked  for  rutile.  A  part  of  this  dike  along  the  north  wall  contains 
hornblende  and  its  separation  from  the  feldspar  would  be  difficult, 
but  if  carefully  mined  a  great  part  of  the  feldspar  that  does  not 
contain  much  hornblende  could  be  made  marketable  after  removing 
the  rutile  and  ilmenite.  This  feldspar  should  find  a  market  in  the 
industries  and  replace  in  part  the  shortage  of  albite. 

NOETH  CAKOUNA. 

The  feldspar  deposits  of  North  Carolina  are  distributed  through- 
out the  mountain  section  southeast  of  the  Great  Smoky  Mountains. 
The  most  promising  districts  are' those  described  in  Bulletin  53  of 
the  Bureau  of  Mines  ^  as  the  Cowee  district  and  the  Sprucepine 
district.  The  former  includes  parts  of  Jackson,  Macon,  and  Swain 
counties  and  the  latter  includes  parts  of  Yancey,  Mitchell,  and  Avery 
counties.  The  feldspars  throughout  this  State  are  as  a  rule  cream 
white  microclines  with  very  low  soda  content.  A  few  small  deposits 
of  soda  feldspar  and  anorthoclase  were  noted  but  the  great  majority 
of  deposits  in  North  Carolina  are  of  potash  feldspar,  most  of  it  being 
extremely  coarse  pegmatite,  and,  as  the  field  is  new,  a  large  amount 
of  pure  feldspar  is  to  be  found  as  lenses  in  the  pegmatite.  Many  of 
the  pegmatites  are  so  coarsely  crystalline  that  the  quartz  content 
can  be  almost  entirely  removed  by  cobbing.  The  dikes  are  seldom 
large,  however,  and  as  most  of  them  stand  almost  vertical,  the  prob- 
lem of  mining  is  more  difficult  than  where  the  deposits  are  large 
lenses  or  lie  nearly  flat,  as  is  the  case  with  many  deposits  farther 
north.  The  chief  impurities  are  quartz  and  muscovite,  with  smaller 
amounts  of  biotite,  beryl,  and  garnets.  The  latter  three  minerals, 
however,  are  seldom  present  in  quantity  sufficient  to  aflfect  injuriously 
the  color  of  the  product,  and  the  muscovite  is  generally  coarsely 
crystalline  and  not  generally  distributed  throughout  the  entire  mass. 

A  Watts,  A.  8.,  Mining  and  traatment  of  feldspar  and  kaolin  in  the  soathem  Appalachian  region:  BuIL 
53,  Boreau  of  Mines,  1913,  p.  12. . 
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The  mining  in  the  Cowee  district  is  confined  to  mining  for  mica  and 
no  attempt  is  made  to  remoye  the  feldspar  except  where  it  interferes 
with  the  mining  of  the  mica.  In  the  Sprucepine  district,  three 
feldspar  quarries  are  now  in  operation  and  others  are  to  be  opened 
in  the  near  future.  The  potash  feldspars  of  North  Carolina  may  be 
safely  represented  by  the  following  analyses: 

Analyses  of  potash  feMspisrs  of  North  Carolina. 
|D.  J.  Demorest,  analyst.) 
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A. 

B. 

C. 

D. 
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Percent. 
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.01 

Percent. 

0.17 

66.87 
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13.06 
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13.09 
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99.85 

98.80 

99.58 

100.87 

99.83 

GBORGLL 

Feldspar-bearing  dikes  have  been  f  oimd  in  yarious  parts  of  Georgia, 
and  the  Geological  Survey  of  Georgia  has  now  under  way  an  investi- 
gation of  these  deposits,  but  as  y^t  no  feldspar  quarrying  has  been 
attempted  in  the  State. 

QUALITY  OF  THE  PBODUCT. 

The  foregoing  sets  forth  the  general  location  and  extent  of  the 
known  feldspar  deposits  east  of  the  Mississippi  River. 

In  estimating  the  relative  value  of  a  feldspar  and  its  adapta- 
bihty  to  the  various  arts  and  industries  due  consideration  must  be 
given  to  the  methods  employed  in  the  mining,  refining,  and  pulveriz- 
ing of  the  crude  rock.  For  example,  the  feldspars  of  Maine  are  not 
naturally  very  pure;  in  fact,  no  feldspar  produced  in  the  United 
States  has  so  many  injurious  associate  minerals  as  that  of  Maine. 
Nevertheless,  the  Maine  feldspars  are  furnished  to  the  consumer  in  a 
state  of  purity  second  to  none,  except  for  the  quartz  content,  which 
can  not  be  eliminated  and  which  must  of  necessity  increase  with 
continued  mining  in  any  district.  This  high  state  of  purity  is  obtained 
only  by  untiring  vigilance  on  the  part  of  the  miner  and  the  mill 
operator  to  insure  the  removal  of  even  the  smallest  particle  of  iron* 
bearing  impurity  and,  having  freed  the  crude  feldspar  of  all  such 
impurity,  to  prevent  any  contamination  during  the  milling  process. 

The  extra  precautions  necessary  to  insure  such  purity  must  of 
necessity  increase  the  cost  of  the  finished  product.  Not  only  must 
extra  expense  be  incurred  in  handling  and  storing  the  crude  feldspar 
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before  it  goes  to  the  mill,  but  many  labor-saving  and  highly  efficient 
machines  must  be  condemned  because  of  thoir  metal  surfaces  which 
come  in  contact  with  the  sharp  edges  of  the  feldspar  rock,  and  being 
groimd  off  add  an  almost  inappreciable  content  of  iron  to  the  finished 
product. 

Inability  to  employ  many  modem  machines  and  appliances  has 
resulted  in  the  general  condemnation  of  the  feldspar  mining  and 
grinding  industry  as  xmwilling  to  utilize  modem  appUances,  but  until 
machinery  can  be  provided  with  all  wearing  faces  made  of  material 
which  will  not  contaminate  the  product  the  operator  is  to  be  com- 
mended rather  than  condenmed  for  refusing  to  employ  them. 

A  point  which  must  be  recognized  by  both  the  producer  and  the 
consumer  of  groxmd  feldspar  is  the  relation  between  the  quality  of 
the  feldspar  and  the  market  price.  The  rejection  of  any  proportion 
of  the  rock  quarried  requires  that  the  accepted  rock  must  be  marketed 
at  a  price  which  wiU  cover  the  expense  of  the  entire  quantity  quar- 
ried unless  the  rejected  material  can  be  disposed  of  without  loss  in 
some  other  way.  As  the  selection  of  the  more  choice  parts  con- 
tinues, the  amount  of  material  handled  continues  to  increase  and 
this  will  ultimately  result  in  increasing  the  cost  of  the  finished  product. 
It  is  therefore  vitally  important  that  every  user  of  feldspar  should 
have  a  proper  understanding  of  the  degree  of  purity  which  his  busi- 
ness demands  and,  having  done  so,  seek  that  grade  of  material  where 
it  can  be  obtained  at  the  best  advantage. 

THE  COLOR  OF  FELDSPARS. 

The  general  opinion  prevails  that  the  small  amoimts  of  impurities 
which  cause  a  natural  feldspar  to  be  cream,  buflf,  brown,  or  salmon 
are  lost  in  the  fusing  process,  and  that  a  dark  feldspar  may  fuse  to  as 
perfect  a  white  glass  as  a  pinre  white  feldspar.  This  is  not  true  so  far 
as  the  results  of  this  investigation  have  indicated.  The  intensity  of 
color  in  the  fresh  feldspar  is,  however,  no  indicator  of  the  intensity  of 
color  in  the  fused  feldspar  nor  of  its  coloring  action  in  the  pottery  body 
or  glaze. 

In  general  the  feldspars  which  fuse  to  the  most  colorless  or  white 
glasses  are  those  which  are  pure  white  or  colorless.  The  next  in  order 
are  the  pale  salmon  and  nearly  transparent  feldspars;  then  come  the 
cream  feldspars,  which  are  generally  opaque,  or  nearly  so;  the  next 
are  the  brown  and  buff  feldspars ;  and  the  last  and  most  highly  colored 
when  fused  are  the  sea-green  or  olive-green  brown  feldspars. 

This  classification  is  for  feldspars  which  do  not  contain  any  foreign 
material  other  than  that  distributed  uniformly  as  a  colorant  through 
the  entire  mass. 

The  range  of  tints  obtained  within  the  variation  of  natural  feld- 
spars, with  the  exception  of  the  olive  or  sea  green  feldspars,  are  only 

4492**— Bxai.  9^-16 3 
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possible  of  detection  where  the  materials  are  prepared  with  the  ut- 
most care.  Any  dirt  or  dust  on  the  surfaces  of  the  crude  feldspar 
or  carelessness  in  the  crushing  or  grinding  process  may  result  in  a 
fused  product  of  a  color  far  inferior  to  any  obtainable  by  fusing  the 
darkest  colored  natural  feldspar,  the  olive-green  or  seargreen  feld- 
spars excepted. 

The  problem,  then,  resolves  itself  into  one  not  entirely  of  obtain- 
ing the  feldspar  of  the  best  natural  color,  but  more  especially  of 
guarding  against  the  introduction  of  impiu*ities  naturally  associated 
with  the  feldspars  and  also  of  impurities  which  may  be  introduced  in 
the  milling. 

Plates  II  and  III  show  the  range  of  color  in  the  natural  feldspars. 

DESCRIPTION  OF  SPBCEMENS  SHOWN  IN  PLATES  II  AND  in. 

In  the  following  list  are  described  the  specimens  shown  in  Plates 
II  and  III.  All  of  the  feldspars  shown  in  Plates  II  and  III,  except 
H  and  L  (PL  III) ,  fuse  to  white  or  colorless  glass. 

A.  Microcline  from  Carolina  Mineral  Co.  quarry,  at  Penland,  Mitchell  County,  N.  C. 

For  a  description  of  this  deposit  see  location  110,  Bureau  of  Mines  Bulletin  53, 
page  100. 

B.  Microcline  from  Johnson  mica  mine,  near  Plumtree,  Avery  County,  N.  C.    For 

a  description  of  this  deposit  see  location  106,  Bureau  of  Mines  Bulletin  53,  page 
112. 

C.  Microcline  from  Barrett  quarry,  Essex  County,  N.  Y.   For  a  description  of  tliis  de- 

posit see  location  59,  page  133. 

D.  Green  microcline  from  Rutherford  mica  mine,  Amelia  County,  Va.    For  a  de- 

scription of  this  deposit  see  location  110,  page  167. 

E.  Albite  from  Sylmar  quarry,  Chester  County,  Pa.    For  a  description  of  this  deposit 

see  location  89,  page  156. 

F.  Microcline  from  Rhodes  quarry,  northeast  of  Northville,  Fulton  County,  N.  Y. 

For  a  description  of  this  deposit  see  location  64,  page  139. 

G.  Microcline  from  Kinkel  quarry,  near  Bedford,  Westchester  County,  N.  Y.    For  a 

description  of  this  deposit  see  location  68,  page  142. 
H.  Greenish  brown  microcline  from  Berry  quarry,  Auburn,  Androscoggin  County,  Me. 

For  a  description  of  this  deposit  see  location  40,  page  122. 
1.   Transparent  albite  from  Saunders,  near  Hewletts,  Hanover  County,  Va.    For  a 

description  of  this  deposit  see  location  114,  page  169. 
J.   Microcline  from  old  Perry  quarry,  Phippsburg  Peninsula,  Sagadahoc  County,  Me. 

For  a  description  of  this  deposit  see  location  21,  page  110. 
K.  Microcline  from  old  Claspka  quarry  near  Batchellerville,  Saratoga  County,  N.  Y. 

For  a  description  of  this  deposit  see  location  63,  page  137. 
L.  Andesine  from  Crown  Point  quarry,  Essex  County,  N.  Y.    For  a  description  of 

this  deposit  see  location  58,  page  132. 
M.  Microcline  from  Eureka  quarry,  Portland,  Middlesex  Coimty,   Conn.    For  a 

description  of  this  deposit  see  location  50,  page  127. 
N.  Microcline  from  Claspka  quarry  near  Batchellerville,  Saratoga  County,  N.  Y. 

For  a  description  of  this  deposit  see  location  62,  page  136. 
O.  Microcline  from  Tyrol  Mountain  quarry  southwest  of  Northville,  Fulton  County, 

N .  Y.   For  a  description  of  this  deposit  see  location  66,  page  140. 
P.  Microcline  from  Richardson  quarry,  Godfrey,  Ontario,  Canada. 
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mNERALS  ASSOCIATED  WITH  FELDSPAR  IN  PEG^IATITE. 

A  knowledge  of  the  minerals  associated  with  feldspar  in  pegmatite 
is  essential  if  a  proper  estimation  of  the  value  of  the  dike  material 
is  to  be  arrived  at. 

The  chief  minerals  associated  with  the  feldspar  in  pegmatite  are 
quartz,  muscovite  < white  mica),  biotite  (black  mica),  garnets,  beryl, 
tourmaline,  magnetite. 

Although  pegmatites  are  essentially  coarsely  crystalline  mixtures 
of  feldspars  and  quartz,  the  associated  minerals  other  than  quartz 
are  important  as  their  amount  and  the  mode  of  their  occurrence 
have  a  vital  influence  on  the  industrial  value  of  the  pegmatite. 

QUARTZ. 

Quartz  is  an  essential  mineral  of  pegmatite  and  may  be  either 
mixed  with  the  feldspar  or  intercrystallized  with  it  as  graphic  granite; 
most  pegmatite  dikes  also  contain  intruded  lenses  or  bands  of  quartz 
that  differ  in  texture  and  appearance  from  ordinary  pegmatite 
quartz.  This  quartz  has  a  granular  structure  in  most  deposits  and 
is  commonly  known  as  sugar  quartz.  It  is  white  or  pink  in  color  and 
is  opaque  or  semiopaque,  owing  to  fracture  planes  and  to  minute 
bubbles  of  gases,  principally  water  vapor,  that  have  been  entrapped 
in  the  solidifying  silica.  In  the  smoky  quartz  of  pegmatite  these 
bubbles  also  contain  organic  material,  and  this  causes  the  dark 
smoky  color. 

These  masses  of  quartz  are  of tenest  found  along  the  walls  of  the  dike, 
where  the  shrinkage  of  dike  material  in  solidifying  formed  cracks  in 
which  this  silica  was  deposited.  The  occurrence  of  lenses  of  sugar 
quartz  completely  separated  from  the  walls  and  often  in  the  very 
center  of  the  dike  are  doubtless  due  to  temporary  crevices  in  the 
lower  parts  of  the  pegmatite  mass.  In  a  vast  majority  of  cases,  the 
masses  of  sugar  quartz  included  within  the  pegmatite  are  found  to 
communicate  by  stringers  with  quartz  bands  along  the  walls. 

MUSCOVITE. 

Muscovite  (white  mica)  is  a  constituent  of  nearly  every  pegmatite. 
Crystals  of  this  mineral  occur  in  all  sizes  from  3  feet  in  diameter  to 
tiny  flakes  which  require  a  microscope  to  identify  them.  Muscovite 
in  large  crystals  or  in  aggregates  known  as  "books''  is  generally 
found  between  bands  near  the  walls  or  imbedded  in  a  comparatively 
narrow  band  of  highly  mineralized  material  adjoining  the  walling 
quartz.  The  continuation  of  muscovite  in  quantity  between  any 
given  bands  of  a  dike  is  uncertain;  a  rich  muscovite  bearing  band 
may  suddenly  pinch  out  or  disappear  along  one  wall  of  a  dike  and 
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reappear  between  two  bands  near  the  center  of  the  dike,  or  may  even 
be  transferred  to  the  band  adjoining  the  quartz  or  the  wall  band  on 
the  opposite  side  of  the  dike.  Where  the  dike  rock  is  not  in  distinct 
bands  or  the  pegmatite  is  only  moderately  coarse  the  muscovite  is 
often  present  hi  fine  flakes,  which  are  distributed  throughout  the 
entire  mass.  In  the  latter  case  its  separation  from  the  feldspar  is 
difficult  and  often  impossible  except  at  a  great  sacrifice  of  feldspar. 

BIOTITIL 

Biotite  (black  mica)  is  an  associate  mineral  of  nearly  all  p^matite, 
but  its  mode  of  occurrence  is  not  similar  to  that  of  muscovite. 
Biotite  is  generally  present  as  a  chief  constituent  or  is  practically 
absent.  Its  commonest  form  is  in  lathUke  crystals,  which  often  are  3 
feet  in  length  and  4  to  6  inches  in  diameter,  but  the  thickness  rarely 
exceeds  one-fourth  of  an  inch.  Such  crystals  are  in  many  places 
matted  together  with  smaller  crystals  in  a  pegmatite,  rendering  that 
part 'of  the  deposit  too  impure  to  justify  sorting  by  hand.  Fortu- 
nately, such  masses  are  often  associated  with  masses  practically  free 
from  biotite;  hence  its  presence  in  coarse  crystals  need  not  condemn 
the  entire  deposit.  Where  biotite  occurs  as  crystals  less  than  1  inch 
in  maximum  dimension  it  is  generally  distributed  throughout  the 
mass  and  its  complete  separation  is  impracticable.  Owing  to  the 
brittleness  of  biotite  it  breaks  and  becomes  a  powder  under  treat- 
ment which  would  not  shatter  the  more  elastic  muscovite  and  hence  is 
even  more  difficult  to  remove  than  muscovite.  Such  pegmatite  can 
be  utiUzed  in  the  industries  where  a  white-burning  feldspar  is  not 
required. 

GARNET. 

Garnet  is  a  common  constituent  of  pegmatite  and  is  one  of  the 
most  annoying  minerals  with  which  the  feldspar  producer  has  to  deal. 
The  garnet  crystals  are  often  so  tiny  as  to  escape  any  but  the  closest 
scrutiny.  Only  in  rare  cases  are  they  of  sufficient  size  to  permit  of 
removal  by  cobbing,  and  as  even  a  few  coarse  crystals- indicate  the 
presence  of  many  smaDer  ones,  the  finding  of  garnets  in  a  pegmatite 
is  with  many  operators  sufficient  cause  for  doubting  its  quality. 

The  process  of  sorting  material  from  a  dike  containing  scattered 
garnet-bearing  masses  is  laborious  and  expensive  and  too  often  un- 
profitable. The  rock  must  be  broken  to  small  size  and  all  of  it  care- 
fully sorted  by  hand. 

In  dikes  of  a  pronounced  banded  structm'e  the  garnets  are  often 
confined  to  one  or  two  bands,  and  where  such  is  the  case  they  can  be 
eliminated  by  rejecting  these  bands. 

Garnet  generally  occurs  as  andradite  (calcium  iron  siticate)  of  the 
approximate  composition  SCaO.FeaOj.SSiOj,  and  its  coloring  power 
in  feldspar  is  very  great.    An  addition  of  1  per  cent  of  garnet  to 
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feldspar  that  fuses  to  milky  white  causes  it  to  fuse  to  an  intense 
ydlow  brown,  and  the  presence  of  one-tenth  of  1  per  cent  of  garnet 
would  render  a  feldspar  unmarketable  as  a  pottery  feldspar.  Garnet 
grinds  at  about  the  same  rate  as  feldspar,  and  its  presence  in  a  feld- 
spar imparts  a  faint  flesh  tint  to  the  powdered  rock.  As  many  feld- 
spars are  naturally  flesh  colored,  the  presence  of  garnet  can  not  be 
detected  by  this  color  and  generally  is  not  suspected  until  it  is  shown 
by  the  mass  fusing  to  a  ydlow  color  in  finely  pulverized  feldspars  or 
by  brown  specks  in  coarsely  ground  feldspar. 

BEBTL. 

Beryl  occurs  chiefly  in  pegmatite  rich  in  feldspar,  and  the  beryl 
crystals,  which  are  hexagonal,  are  generally  imbedded  in  masses  of 
pure  feldspar. 

Although  beryl  may  be  golden,  blue,  green,  or  even  pink,  the  vast 
majority  of  the  beryl  crystals  in  pegmatite  are  pale  blue  with  a 
vitreous  luster.  The  wide  variety  of  tints  in  feldspar  and  its  similar 
luster  makes  it  very  diflScult  to  distinguish  beryl  from  feldspar,  except 
where  a  face  of  the  beryl  crystal  is  exposed.  Beryl  is  notably  harder 
than  feldspar  and  generally  has  a  conchoidal  fracture,  but  as  most 
massive  feldspar  breaks  irregularly,  the  faces  exposed  resemble 
conchoidal  fractures  in  many  instances.  If  the  crude  material  was 
not  reduced  by  too  powerful  a  crusher,  the  beryl,  being  harder,  could 
doubtless  be  largely  removed,  but  to  cUminate  it  from  pulverized 
rock  would  be  impossible.  The  only  practical  means  of  separating 
beryl  from  crude  feldspar  is  to  carefully  scrutinize  the  rock  in  the 
quarry,  and  wherever  beryl  is  detected  to  watch  for  it  after  each 
blast  and  sort  the  beryl-bearing  rock  from  the  marketable  feldspar. 

Beryl  has  the  composition  SBeO.AljOa.GSiOj.  It  does  not  discolor 
the  fused  feldspar  but  makes  it  opaque  and  in  small  amounts  it  lowers 
the  deformation  temperature  of  the  feldspar.  Its  chief  disadvantage 
is  its  tendency  to  reduce  the  translucency  of  the  ware. 

TOURMALINE. 

Tourmaline  usually  occurs  in  pegmatite  rich  in  feldspar  and  con- 
taining very  little  biotite.  It  is  commonly  black,  although  pink, 
green,  blue,  and  colorless  crystals  are  occasionally  found,  and  furnish 
gems  when  transparent.  Tourmahne  as  a  rule  is  in  the  form  of  irregu- 
lar  rods,  3  to  15  inches  long  and  one-half  inch  to  3  inches  in  diameter, 
imbedded  in  the  feldspar.  Being  black,  it  is  easily  detected  and  its 
complete  removal  is  imperative  if  the  feldspar  is  to  be  marketed  for 
pottery  uses. 

Tourmaline  has  a  very  complex  and  variable  composition  of 
approximately  3R30.Si03,  in  which  R  may  represent  a  mixture  of 
aluminum,  boron,  magnesium,  and  iron  compounds  and  alkaUes  or 
any  of  them. 
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MAGNETITS. 

Magnetite  or  black  oxide  of  iron  is  sometimes  found  in  pegmatite. 
Its  presence  absolutely  condenms  the  feldspar  for  ceramic  uses  be- 
cause the  particles  of  magnetite  are  usually  almost  microscopically 
small  so  that  the  sorting  of  such  material  is  extremely  expensive. 
Attempts  to  remove  the  magnetite  by  means  of  electromagnets  have 
failed  because  of  the  difficulty  of  separating  the  feldspar  and  magne- 
tite by  any  system  of  rolls  or  crushers. 

Magnetite  has  the  composition  FcjO^  and  its  presence  in  the  pul- 
verized feldspar  is  evidenced  by  minute  black  specks.  In  the  fused 
feldspar  the  magnetite  shows  as  black  specks  surrounded  by  yellowish 
or  brownish  zones  of  ferric  siUcate. 

GENERAL  COMPOSITION  OF  THE  MAUDBrTED  PBODUCT. 

In  general  a  pegmatite  must  have  a  comparatively  high  feldspar 
content  if  its  quarrying  for  feldspar  is  to  be  profitable  under  ordinary- 
conditions. 

The  average  pegmatites  being  marketed  as  feldspar  contain  about 
80  per  cent  of  feldspar.  The  other  20  per  cent  is  principally  quartz, 
as  the  presence  in  appreciable  quantity  of  any  mineral  which  might 
discolor  the  ware  would  result  in  the  condemnation  of  the  entire 
output  of  a  quarry. 

FELDSPAR    CLASSIFICATION. 

Feldspars  may  be  classified  according  to  their  alkali  constituent 
into  four  distinct  groups: 

Potash  feldspars,  known  as  microcline  or  orthoclase,  KAlSijO,,. 

Soda  feldspar,  known  as  albite,  NaAlSijOg. 

Lime  feldspar,  known  as  anorthite,  CaAl^SiaOg. 

Barium  feldspar,  known  as  celsian,  BaAlaSiaOg. 

In  nature  these  minerals  are  rarely  found  in  the  pure  state,  but 
commonly  occur  as  intimately  crystaJized  masses  of  two  or  more 
different  feldspars.  Some  of  the  feldspars  apparently  combine  and 
form  homogeneous  crystals  of  definite  composition,  whereas  others 
are  isomorphous  mixtures. 

Iddings"  reports  the  following  varieties  as  having  been  recognized: 

Soda-orthoclase  (KNa)AlSi30g. 

Anorthoclase  or  soda-microcline,  NaKAlSijOg. 

Plagioclaee  or  lime-soda  feldspar  «»rie8{°^(ctll^fo,). 
Hyalophane  or  barium-potaah  fel<i«Pwg(^^i^'J;i;) 

a  Iddlngs,  J.  P.,  Rock  minerals,  1911,  p.  205. 
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In  the  plagioclaso  series  the  ratio  of  soda  feldspar  to  lime  feldspar 

.        6  molecides  soda  feldspar  ,    1  molecule  soda  feldspar^ 

may  vary  rom  x  molecule  lime  feldspar      6  molecules  lime  feldspar* 

Soda-lime  feldspars  containing  less  than  1 : 6  ratio  are  classified  with 

the  pure  feldspar  which  they  approach. 

The  hyalophane  series,  as  classified  by  Rosenbusch,^  comprises 
such  barium-potash  feldspars  as  contain  between  7.5  and  16.4  per 
cent  BaO.  Those  potash  feldspars  which  contain  less  than  7.5 
per  cent  BaO  are  called  orthoclase  and  those  which  contain  more 
than  16.4  per  cent  BaO  are  classed  as  celsian. 

POTASH  FELDSPAES. 

Potash  feldspar  is  found  in  nature  in  two  forms — ^namely,  micro- 
cline,  which  is  the  <5hief  constituent  of  the  ordinary  feldspar  of  com- 
merce, and  orthoclase,  which  is  less  frequently  met  with;  although 
until  recently  the  microcline  of  commerce  has  gone  by  this  name. 
The  error  has,  however,  been  of  no  industrial  importance  because 
the  two  minerals  are  identically  the  same  in  chemical  composition, 
differing  only  in  crjrstaUine  form  and  in  optical  properties. 

Microcline  has  the  molecular  formula  K20Al2036Si03  and  is 
approximately  of  the  composition  K^O,  16.9  per  cent;  AljO,,  18.4 
per  cent;  and  SiOj,  64.7  per  cent;  its  specific  gi'avity  is  2.54;  it  has 
a  hardness  of  6  to  6.5;  and  belongs  to  the  triclinic  system.  Its 
color  is  generally  white,  grayish  yellow,  yellow,  or  any  shade  of 
red  from  light  rose  to  brick  color,  the  red  color  being  due  to  finely 
divided  iron  oxide  or  hydroxide.  It  may  be  green  (amazon  stone) 
in  transmitted  light.  In  thin  sections  it  is  colorless.  The  Na^O 
content  varies  up  to  4  per  cent  and  that  of  the  CaO  seldom  exceeds 
05  per  cent. 

As  the  microcUnes  which  are  richest  in  Na,0  and  CaO  are  also 
mechanically  mixed  with  the  largest  amounts  of  albite  and  oligo- 
clase-albite,  it  is  not  improbable  that  NajO  and  CaO  do  not  belong 
to  the  true  microcline  molecule.  As  the  Na^O  content  increases  in 
a  microcline  the  specific  gravity  increases  and  with  a  soda  content 
of  4  per  cent  may  be  as  much  as  2.57. 

Orthoclase  varies  in  few  respects  from  microcline.  It  crystallizes 
in  the  monoclinic  system,  but  the  polysynthetic  twinning  that  is 
characteristic  of  microcline  may  be  submicroscopic  in  orthoclase 
and  hence  not  apparent.  It  has  the  same  specific  gravity  and  color 
as  microcline,  and  has  a  hardness  of  6. 

«  Rosenbttscb,  K.  H.  F.,  ICikrokoplsofae  Physiographle  der  MineraUen  imd  Gesteine,  Bd.  1,  Heft  2, 
1908,p.30»-313. 
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SODA  FELDSFAKS. 

Soda  feldspar  is  found  in  nature  in  two  forms — ^namely,  albite, 
which  is  the  form  ordinarily  encountered,  and  cleayelandite,  which 
is  a  lamellar  variety  of  albite,  differing  from  it  only  in  maosiye 
structure  and  having  the  same  optical  and  physical  properties. 

The  molecular  formula  of  albite  is  NajO jy^O^-CSiOj.  Its  approxi- 
mate composition  is  as  follows:  Na^O,  11.8  per  cent;  Al^O,,  19.4  per 
cent;  SiOj,  68.8  per  cent.  Albite  has  a  specific  gravity  of  2.624, 
ranges  in  hardness  from  6  to  6.5,  and  crystaUizes  in  the  triclinic  form. 
Its  color  is  generally  white,  although  it  may  be  reddish,  greenish, 
bluish,  or  gray.  Oeavelandite  often  displays  a  bluish  tint.  In  thin 
sections  albite  is  colorless. 

The  NajO  in  albite  may  be  replaced  by  CaO  in  amounts  less  than 
3  per  cent  CaO  and  the  mineral  stiU  retain  its  name.  When  the  CaO 
content  exceeds  3  per  cent,  however,  it  is  classified  as  a  luue-soda 
feldspar,  of  which  there  are  now  recognized  a  series  of  five  numbers 
between  pure  albite  and  pure  anorthite.  These  form  the  plagioclase 
subgroup. 

LIMB  FELDSPAE. 

Lime  feldspar  is  known  as  anorthite  and  in  its  pure  state  occurs 
only  in  one  form.  This  feldspar  has  the  molecular  formula  CaO. 
Al20,.2Si03,  and  contains  the  following  percentages  of  these  com- 
pounds: CaO,  20.1;  Alfi^,  36.62;  and  SiO,,  43.28  per  cent.  The 
mineral  has  a  specific  gravity  of  2.758,  a  hardness  of  6  to  6.5,  and 
belongs  to  the  tricUnic  system.  It  is  white,  grayish,  or  reddish,  but 
is  colorless  in  thin  sections. 

The  CaO  in  anorthite  may  be  replaced  by  Na^O  in  amounts  less 
than  1.6  per  cent.  When  the  Na^O  content  exceeds  1.6  per  cent  the 
feldspar  becomes  one  of  the  plagioclase  subgroup. 

BARIUM  FRLDSFAE. 

Barium  feldspar  is  known  as  celsian  and  in  the  pure  state  occurs 
only  in  one  form.  The  molecular  formula  of  celsian  is  BaOAljOj. 
2Si02.  The  xnineral  contains  41.8  per  cent  BaO,  27.2  per  cent  AljOj, 
and  32  per  cent  SiOj,  and  has  a  specific  gravity  of  3.38,  a  hardness 
of  6  to  6.5;  crystalUzes  in  monocUnic  form,  and  is  colorless  unless 
stained  by  impurities. 

FELDSPAE  SERIES. 

Aside  from  these  four  principal  feldspars,  there  are  many  feldspars 
which  are  made  up  of  two  fluxes. 

Anorthoclase  or  soda-microcUne  is  a  feldspar  in  which  more  than 
one-haU  the  potash  is  replaced  by  soda. 
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Hyalophane  is  a  feldspar  in  which  part  of  the  potash  is  replaced 
by  barium. 

Plagioclases  are  lime-soda  feldspars  which  are  a  group  of  feldspars 
whose  members  form  a  continuous  series  connecting  albit-e  and 
auorthite^  as  may  be  seen  from  the  following  table: 

Feldspars  t  their  formulas  and  limits  of  composition.*^ 


Name. 


Hyalophaae.. 

Microdlne  or 
ortliodaae. 

AnorthocJase . 


Alblte 

OUgodase 


AndasiiiB. 


Labndorite. 

Bytofwnlte... 
AOMirthlte 


Formula  Umlts. 


/BaAliSitOt. 

\(BaA]tSitOt)  2  (KAlSbOg). 

/(BaAltSliOii)  2  (KAISiiOt). 
\(BaAlaStiOg)  6  (KAlSltO.). 

KAlSliOt 


/(2KAlSl«Oi)  3  (NaAlSitOs). 
tCKAlSleOi)  6  (NaAlSlsOB) . . 


Limits  of  composition. 


BaO. 


40.8 
16.5 

16.5 
7.5 


NaAlSigOt. 


ftKNaAlSiiOa)  (CaAliSiiOt). 
\2(NaAlSitOs)  (CaAJsSIsOs). 


/3(NaAlSJfOt)  2  (CaAItSiiOs). 
\4(NaAeitOs)  3  (CaAUSitOi). 

/(NaAlSlsOs)  (CaAliSliOa). . . 
\(NaAlSiiOt)  2  (CaAliSisOt).. 


/(NaAlSiiOt)  3  (CaAlsSitOa). 
\(NaAl8isOB)  6  (CaAlsSlsOs). 


CaAliSIsOt. 


EiO. 


10.1 

10.1 
13.8 

16.0 

7.0 
2.5 


NatO. 


6.9 
10.1 

11.8 

10.0 
7.7 

6.0 
6.6 

6.7 
8.8 

2.8 

1.5 


CaO. 


3.0 
7.0 

8.3 
8.0 

10.3 
13.7 

16.8 
17.4 

20.1 


AltOs. 


27.2 
21.9 

21.9 
20.0 

18.4 

19.0 
19.3 

19.4 

22.1 
25.4 

26.5 
27.0 

28.3 
3L1 

82.6 
34.3 

36.6 


SiOi. 


32.0 
61.5 

51.6 
58.7 

64.7 

67.1 
68.1 

68.8 

64.9 
50.0 

68.3 
57.6 

65.7 
6L4 

40.4 
46.8 

43.3 


•  Fonnnlaa  are  aooording  to  Roaenbusch,  Mlkrokoplsche  Physiographie  der  Mineralien  and  Qestetne. 
AnthoritieB  do  not  agree  as  to  the  exact  formula  limita,  but  the  differences  are  negligible  in  most  cases. 

The  above  formulas  represent  only  the  pure  minerals  and  com- 
binations of  two  pure  minerals.  In  nature  one  rarely  finds  a  pure 
feldspar — that  is,  one  containing  but  one  alkali — ^in  large  quantity, 
and  feldspars  consisting  of  mixtures  of  but  two  pure  minerals  are 
comparatively  rare.  The  manufacturer  therefore  has  little  use  for 
data  based  on  the  pure  minerals  except  as  it  conduces  to  a  better 
understanding  of  the  complex  feldspars  with  which  he  has  to  deal. 

The  feldspars  most  extensively  used  in  the  industries  are  the  two 
forms  of  potash-feldspars,  microcline  and  orthoclase.  The  chemical 
compositions  and  physical  properties  of  these  two  minerals  are 
identical,  and  for  all  practical  purposes  they  may  be  dealt  with  as 
one  mineral,  microcline,  which  is  the  form  generally  encoimtered. 

In  commerce  the  term  '^potash  feldspar"  is  used  in  referring  to 
any  feldspar  in  which  potassium  is  the  prevailing  flux,  and  even 
though  the  proportion  of  potassium  is  so  low  as  to  make  the  chemical 
composition  approach  hyalophane  or  anorthoclase,  the  latter  names 
have  never  been  employed  in  the  industries. 
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As  indicated  in  the  above  list,  no  series  of  feldspars  occurs  in  nature 
in  which  the  potash  is  replaced  by  lime,  and  if  a  potash  feldspar  con- 
tains any  appreciable  amount  of  CaO  it  is  safe  to  assmne  that  it 
contains  an  equal  or  greater  amount  of  NajO,  the  two  elements 
being  introduced  in  one  of  the  plagioclases,  which  is  perthitically 
intergrown  m  the  microcline. 

Hyalophane  is  rarely  encountered  in  conunercial  quantity.  Barium 
as  a  constituent  of  feldspars  is  not  uncommon  but  rarely  exceeds 
0.5  per  cent  and  generally,  if  present,  the  proportion  is  less  than 
0.25  per  cent.  A  study  of  the  action  of  barium  in  feldspars  has  not 
been  attempted  in  connection  with  this  investigation,  because  the 
feldspars  of  the  district  contain  little  or  no  barium.  However,  it  is 
a  matter  of  record  that  potash  feldspars  which  contain  even  a  small 
amount  of  barium  display  a  marked  decrease  in  viscosity  when 
fused,  as  compared  with  similar  feldspars  which  contain  no  baiium. 

Mixtures  of  microcline  and  albite  or  mixtures  of  microcline  and 
albite-rich  members  of  the  plagioclase  series  are  really  the  feldspars 
with  which  the  manufacturer  who  uses  the  material  popularly  known 
as  ''potash  feldspar"  has  to  deal. 

In  purchasing  "soda  feldspar"  the  manufacturer  never  obtains 
pure  albite  because  deposits  of  pure  albite  of  commercial  size  do  not 
exist.  The  nearest  approach  to  pure  albite  which  is  obtainable  in 
commercial  quantity  is  a  feldspar  high  in  soda  content  and  rela- 
tively low  in  potash  and  lime  content. 

The  impression  prevails  among  users  of  feldspar  that  ''soda 
feldspar"  or  albite  is  the  softest  member  and  "potash  feldspars"  or 
microcline  is  the  hardest  member  of  a  feldspar  series,  and  that  the 
hardness  of  any  mixture  of  these  two  will  be  proportionate  to  its 
relative  content  of  the  two  extremes;  that  is,  the  deformation- 
temperature  curve  of  potash  feldspar-soda  feldspar  mixtures  is  sup- 
posed to  be  a  straight  vertical  line  with  soda  feldspar  as  the  lowest 
point  and  potash  feldspar  as  the  highest  point. 

The  results  of  a  study  by  the  writer  of  a  large  number  of  feldspars 
containing  both  potash  and  soda  as  fluxes  indicates  that  this  assump- 
tion is  not  true,  but  in  making  feldspar  analyses  there  are  so  many 
slight  variables  which  may  affect  the  result  that  the  exact  cause  of  va- 
riation in  any  particular  property  is  extremely  difficult  to  determine. 
However,  it  was  noted  that  feldspars  with  a  moderately  high  content 
of  soda  and  a  proportionately  low  content  of  potash  showed  a  marked 
tendency  to  deform  at  lower  temperatures  than  did  the  relatively 
pure  soda  feldspars,  as  is  shown  by  the  following  analyses  of  feld- 
spars, arranged  in  the  order  of  their  deformation: 
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Constitaeiit. 

Order  of  deformation  and 
composition. 

No.l. 

No.  2. 

No.  3. 

H,0 

SiOt 

AUO, 

FeiOt. 

CaO 

MgO 

KjO 

NatO 

Total.. 

Percent. 

0.S0 

65.40 

20.70 

.10 

1.60 

Trace. 

6.00 

6.10 

Percent. 

0.10 

68.75 

18.56 

.03 

1.25 

Trace. 

6.85 

4.29 

PereenL 

0.20 

68.18 

20.12 

.06 

.85 

.05 

.66 

0.38 

100.20 

09.83 

99.49 

The  ordinary  conception  would  lead  to  the  assumption  that  No. 
3  .is  the  most  easily  fusible  of  the  three  instead  of  being  the  least 
fusible,  as  it  really  is. 

EFFECT  OF  COMPOSITION  ON  PROPEBTIES  OF  FBLDSPAK. 

DEFOBMATION   TESTS   OF  POTASH   FELDSPAB-SODA   FELDSPAB 

mZTUBES. 

In  order  to  determme  the  most  fusible  mixture  of  potash  and  soda 
feldspars,  a  series  of  mixtures  of  these  two  feldspars  was  prepared 
and  deformation  studies  made. 

The  feldspars  used  in  preparing  the  series  of  mixtures  had  the 
following  composition: 

Composition  of  feldspars  employed. 


HtO. 

810. 

AltOs. 

Fe«Oi. 

TiOi. 

CaO. 

HgO. 

KtO. 

NaiO. 

BaO. 

Potash  feldspar 

Boda  feld^MU* 

Perct. 

0.50 

.20 

Perct. 
64.3 
68.18 

Perct. 
19.64 
20.12 

Perct. 

0.08 

.06 

Perct. 
Trace. 
...do.. 

Perct. 

Trace. 

0.86 

Perct. 

Trace. 

0.05 

Perct. 

14.00 

.66 

Perct. 
1.32 
9.38 

Perct, 
0.17 

Neither  of  the  above  feldspars  is  a  pure  type,  each  of  them  being 
a  mixed  feldspar  that  was  high  in  the  particular  feldspar  sought. 

Unfortimately,  in  all  the  large  feldspar  deposits  the  feldspar  con- 
tains less  than  the  theoretical  amount  of  alkali,  although  as  a  rule 
the  ratio  of  Al^O,  to  SiO,  closely  approaches  the  theoretical  if  the 
free  quartz  in  the  pegmatite  is  removed.  This  shortage  of  alkali  is 
doubtless  due  to  slight  alteration  of  the  feldspar,  but  no  information 
is  available  pointing  to  the  formation  of  products  other  than  kaolin 
by  the  weathering  of  feldspar. 

To  subdivide  an  ordinary  feldspar  into  its  possible  mineral  com- 
ponents by  a  process  of  calculation  based  upon  its  alkali  content 
results  in  confusion,  as  an  excess  of  AI3O3  and  SiOj  remains  after  all 
possible  minerals  have  been  deducted.    The  absence  of  sufficient 


34       FELDSPAHS  OP  NEW  ENGLAND  AND  NORTH  APPALACHIAN  STATBS. 

combined  water  makes  it  impossible  to  calculate  the  excess  AI^O, 
into  kaolin,  although  the  AI3O,  must  be  in  other  than  the  free  state 
because  none  dissolves  in  hydrochloric  acid. 

As  the  feldspars  used  in  this  investigation  must  be  divided  into 
microdine  and  albite  content,  the  ratio  of  Kfi  to  Na^O  has  been 
chosen  as  the  basis  of  division  after  that  amoimt  has  been  deducted 
which  can  be  calculated  as  kaolin,  the  combined  water  being  used  as 
the  basis  of  this  latter  calculation. 

The  result  of  this  subdivision  is  as  follows: 

ComponUon  of  feldspars  on  basis  of  microdine,  dlhiUf  and  kaolin  content. 


Ulcn>- 
cline. 

Alblte. 

Kaolin. 

Potash  feldspar. . 
Soda  feldspar 

Percent. 

85.0 

4.5 

Percent. 
11.5 
94.0 

Percent. 
8.5 
1.5 

The  mixtures  of  these  two  feldspars  as  used  in  the  investigation 
are  as  follows: 

Mixtures  of  feldspars  used. 


i.,*^..... 

Approximate  nor- 
miu  oonstitution. 

i^roporuons  in  nuAtuiv. 

Alhite. 

Biicro- 
dine. 

Soda  feldspar 

Soda  feldspar 

Potash  felaspar... 

Soda  feldspar 

Potash  feldspar... 

Sodafeldspar 

Potash  feldspar... 

Sodafeldspar 

Potash  feldspar... 

Sodafeldspar 

Pota.sh  feldspar... 

Sodafeldspar 

Potash  feldspar... 

Sodafoidspsj 

Potash  feldspar... 

Sodafeldspar 

Potash  feldspar... 

Sodafeldspar 

Potash  felaspar... 
Potash  feldspar... 

Percent, 
100 
90 
10 
80 
20 
70 
30 
60 
40 
50 
50 
40 
60 
30 
70 
20 
80 
10 
90 
100 

Percent. 
91 

}       ^^ 
\       77.6 

\       69.0 
6L0 
63.0 
44.6 

1       S6.0 

28.0 

20.0 
11.5 

Per  cent. 
4.5 

12.5 

21.0 

29.0 

37.0 

45.0 

53.0 

61.0 

69.0 

77.0 
85.0 

RESULTS   OP  TESTS. 

The  order  and  rate  of  deformation  of  these  potash  feldspar-soda 
feldspar  mixtures,  as  compared  with  similar  properties  of  standard 
pyrometric  cones  Nos.  6,  7,  8,  9,  and  10,  are  shown  in  figure  1.  The 
percentage  composition  of  the  feldspar  mixtures  are  shown  at  the 
top  of  the  diagram,  and  the  time  interval  and  temperature  increase 
as  indicated  by  deformation  of  the  standard  cones  are  shown  at 
the  left. 
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DISCUSSION   OF  RESULTS. 

The  data  in  figure  1  are  remarkably  sharply  defined  as  r^ards  the 
end  numbers  of  this  series,  but  unfortunately  the  deformation  ranges 
of  the  three  softest  members  are  so  nearly  the  same  that  a  number  of 
checks  must  be  made  before  the  eutectic  can  be  established. 

From  this  preliminary  test  it  seems  that  a  mixture  of  approximately 
69  per  cent  albite  and  29  per  cent  microcline  begins  to  deform  at  a  lower 
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FiauRE  1.— Deformation  of  potash  feldspar-soda  feldspar  oonea. 

temperature  and  completes  the  deformation  process  earlier  than  any 
other  member  of  the  series  tested.  The  time  required  for  the  defor- 
mation of  a  cone  made  from  this  mixture  was  only  half  that  required 
for  a  similar  deformation  of  standard  cone  6,  the  cone  starting  to 
deform  at  approximately  the  same  time  as  cone  6  and  being  completely 
deformed  when  cone  6  had  only  half  deformed. 
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Mixtures  ranging  from  one  that  was  77.5  per  cent  albite  and  21  per 
cent  microcline  to  one  that  was  44 . 5  per  cent  albite  and  53  per  cent  micro- 
dine  completely  deformed  before  cone  6  had  completed  deformation. 

The  albite  used  in  this  study  deformed  at  about  the  same  rate  as 
the  eutectic  mixture,  but  proved  to  be  nearly  one  cone  harder.  The 
rate  of  deformation  of  the  mixtures  containing  a  higher  percentage 
of  microcline  than  the  eutectic  mixture  decreases  as  the  microcline 
content  increases,  the  potash-feldspar  end  of  the  series  having  a 
time  range  of  deformation  equal  to  twice  that  of  the  albite. 

Thus  it  is  shown  that  a  high  soda  content  does  not  indicate  a  low 
deformation  temperature.  Also  the  approximate  proportion  of  soda 
feldspar  can  not  be  determined  except  by  a  careful  observation  of 
the  rate  of  deformation. 

DEFOBMATION  TESTS  OF  FBLDSFAB-QTJABTZ  MDCTXTBJBS. 

One  of  the  most  confusing  questions  which  confronts  the  user  of  feld- 
spar is  the  extent  to  which  the  addition  of  quartz  or  free  silica  affects 
the  pyrometric  behavior  of  feldspar.  In  nature  quartz  is  almost  in- 
variably associated  with  feldspar,  and  in  most  cases  a  complete  separa- 
tion of  the  two  minerals  would  be  very  expensive  if  not  impossible. 
Any  feldspar  purchased  in  the  pulverized  state  is,  therefore,  very 
likely  to  contain  a  certain  amount  of  free  quartz  unless  special  arrange- 
ment was  made  to  have  all  quartz  removed  from  the  crude  feldspar. 

In  order  that  a  clearer  imderstanding  may  bo  had  of  the  effect  of 
quartz  on  the  different  feldspars  as  regards  deformation  behavior,  a 
study  was  made  of  potash  feldspar-quartz  mixtures  and  of  soda 
feldspar-quartz  mixtures. 

The  feldspars  used  were  the  same  as  those  used  in  the  potash 
feldspar-soda  feldspar  mixtures.  These,  as  heretofore  explained,  are 
not  pure  minerals,  but  are  as  nearly  pure  as  are  obtainable  in  com- 
mercial quantities. 

EXPERIMENTS   WITH   POTASH   FELDSPAR-QUARTZ  MIXTURES. 

The  composition  of  the  potash  feldspar  and  the  quartz  used  was 
as  follows: 

Composition  of  potash  feldspar  and  ofquartz  used, 
[D.  J.  Demorest,  analyst.] 


Potash  feldspar. 

Quartz. 

HsO 

PereenL 
0.60 

64.30 

19.64 
0.08 

Trace. 

Trace. 

Trace. 
.17 

14.00 

Loss  on  igni- 
tion  

Percent. 
O.U 
99.18 
.00 
.26 
.01 
.01 
.01 

SlOi 

AlsOs 

FeiO, 

TlOt 

SiOi 

AljOi 

FeiOj 

CaO 

TiOi 

ligO 

CaO 

MgO 

BaO 

KjO 

■■"O^'      *" 

NajO 

1.82 

100.01 

99.58 
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The  materials  were  ground  to  pass  a  200-me8]i  screen  and  mixed 
in  the  proper  proportions  dry;  the  mixture  was  then  made  plastic 
by  a  small  addition  of  dextrine  solution.  The  various  mixtures  were 
molded  into  cones  similar  in  shape  and  size  to  the  standard  pyro- 
metric  cones  of  commerce.  The  results  of  the  tests  are  shown  in 
figure  2.    The  proportions  of  feldspar  and  quartz  in  the  various 
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FloiTBB  2.— Defonnation  of  i>otash  feldspar-quarts  oones. 

mixtiu'es  are  recorded  across  the  top  of  the  diagram,  and  the  inter- 
vals of  time  and  of  temperature  as  indicated  by  the  deformation  of 
the  standard  cones  are  shown  along  the  left  margm. 

According  to  the  results  given  in  figure  2  the  mixture  of  90  per 
cent  potash  feldspar  and  10  per  cent  quartz  began  to  deform  and 
completed  deformation  before  any  other  mixture,  and  is  therefore 
the  deformation  eutectic  of  this  feldspar  and  quartz.  The  intervals 
between  tbe  deformation  of  this  mixture  and  those  of  the  mixtures 
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contaming  about  5  per  cent  of  quartz  are  so  small  that  in  practice 
the  difference  would  hardly  be  noted  unless  carefully  watched  for. 
The  pure  feldspar  deformed  at  the  same  temperature  and  rate  as  tibie 
mixture  consisting  of  95  per  cent  feldspar  and  5  per  cent  quartz,  and 
only  when  a  mixture  of  80  per  cent  feldspar  and  20  per  cent  quartz 
was  reached  did  any  noticeable  difference  appear  in  liie  behavior  of 
the  cones.  This  mixture  is  slightly  more  refractory  than  the  pure 
feldspar.  The  mixture  consisting  of  65  per  cent  feldspar  and  35  per 
cent  quartz  is  hardly  more  than  one-half  cone  harder  than  the  pure 
feldspar 

CONCLUSIONS. 

Feldspar  high  in  potash  and  very  low  in  soda  content  is  only 
slightly  affected  by  additions  of  quartz  or  flint.  Substitution  of 
quartz  for  feldspar  in  proportions  up  to  20  per  cent  may  be  made 
without  materially  affecting  the  temperature  at  which  deformation 
begins  or  is  completed.  Substitution  of  quartz  for  feldspar  up  to 
35  per  cent  may  be  made  without  affecting  the  deformation  tempera- 
ture more  than  one-half  cone. 

The  forgoing  indicates  the  futility  of  attempting  to  ascertain  the 
extent  to  which  a  feldspar  is  afdulterated  with  quartz  by  the  defor- 
mation test  alone. 

DEPOBMATION  TESTS  OP  SODA   PELDSPAR-QUAETZ  MIXTUBE8. 

A  series  of  tests  was  also  made  with  mixtures  of  soda  feldspar  and 
quartz.  The  soda  feldspar  and  quartz  used  in  the  teste  had  the  fol- 
lowing composition: 

Compontion  o/aoda/eldspcar  and  quartz  used  in  tests, 

[D.  J.  Demorest,  analyst] 


Soda  feldspar. 

Quartz. 

HfO 

Percent. 

0.20 

68.18 

20.12 

.05 

Trace. 

.85 

.05 

.66 

9.38 

Loss  on  igni- 
tion  

Percent. 

o.n 

99.18 
.00 
.26 
.01 
.01 
.01 

BiOi 

A1,0» 

FejOa 

TlOi 

SiOt 

AbO» 

FejOs 

CaO 

TiOs 

MgO 

CaO 

KfO !." 

MkO 

NatO 

■"o^'*  ••••••••• 

99.49 

99.56 

These  materials  were  groimd  to  pass  a  200-mesh  sieve  and  mixed 
in  the  proper  proportions  in  the  dry  state.  A  small  amount  of  dex- 
trine solution  was  then  added  to  each  mixture  and  thej  were  molded 
into  cones  similar  in  size  and  shape  to  the  standard  pyrometric  cones 
of  commerce  against  which  they  were  to  be  tested.  The  results  of 
the  test  are  shown  in  figure  3. 
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The  percentages  of  soda  feldspar  and  quartz  in  the  various  mix- 
tures are  recorded  across  the  top  of  the  diagram,  and  the  time  and 
the  temperature  intervals  as  indicated  bj  the  deformation  of  stand- 
ard cones  are  shown  on  the  left  margin. 


DISCUSSION  OF  RESULTS  OF  TB8T8. 


The  above  data  indicates  that  additions  of  quartz  do  not  affect 
soda  feldspar  in  a  manner  similar  to  potash  feldspar.  None  of  the 
mixtures  of  soda  feldspar  and  quartz,  up  to  one  containing  30  per 
cent  of  quartz^  b^an  to  deform  or  completed  deformation  at  a  lower 
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FiomtB  3.— Deformetton  of  soda  feldsp&r-qo&rts  oones. 

temperature  than  the  pure  soda  feldspar.  The  mixture  of  75  soda 
feldspar  and  25  quartz,  however,  deformed  more  quickly  after  its 
deformation  temperature  was  reached  than  did  the  pure  soda  feld- 
spar. The  rate  of  deformation,  as  indicated  by  the  time  intervals, 
is  more  rapid  with  soda  feldspar  and  with  all  mixtures  of  soda  feld- 
spar and  quartz  than  with  potash  feldspar  or  any  mixture  of  potash 
feldspar  and  quartz.  A  rapid  rate  of  deformation  in  soda  feldspar- 
quartz  mixtures  may  be  a  highly  desirable  feature  in  mixtures  used 
for  certain  glazes,  where  fluidity  is  often  desired,  but  in  porcelain 
bodies  it  would  be  a  detriment  because  the  shorter  the  deformation 
range  the  greater  would  be  the  danger  of  warping. 

4492**--Bull.  92—16 4 
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DEFOBMATION     TESTS     OF     COMMEBCnLAL     POTASH     F£LDSPAB-<)UABTZ 

MIXTURES. 

Another  series  of  tests  with  mixtures  of  quartz  and  a  feldspar 
which  falls  between  the  potash  feldspar  and  the  soda  feldspar  used 
in  the  investigations  previously  describedi  is  of  interest  here  as 
indicating  the  possible  direction  of  the  deformation  curve  of  eutectic 
mixtures  that  lie  between  these  two  extremes.  This  feldspar  con- 
tains 50  per  cent  more  soda  feldspar  than  the  potash  feldspar  just 
described  and  is  a  good  average  of  the  feldspar  offered  for  sale  as 
potash  feldspar.  For  convenience  it  is  here  referred  to  as  commer- 
cial potash  feldspar. 

The  analysis  of  this  feldspar  is  given  below.  The  quartz  used  was 
of  the  same  composition  as  that  used  in  the  previous  tests. 

Compontion  of  commercial  potash  feldspar, 

Peroent. 

H^O a  17 

SiOj 65.37 

AlA 17.92 

FeaO, 02 

TiOj Trace 

CaO 17 

MgO Trace 

BaO 15 

KaO 13.05 

NaaO 2.10 

98.95 

The  materials  were  groimd  and  the  mixtures  prepared  in  the  same 
manner  as  in  the  previous  tests.  The  standard  cones  against  which 
this  series  was  tested  included  standard  pyrometric  cones  8  and  9, 
whereas  the  soda  feldspar-quartz  series  was  within  the  range  of 
standard  cones  6;  7,  and  8,  and  the  potash  feldspar-Kjuartz  series  was 
within  the  range  of  standard  cones  9  and  10.  Therefore  this  feldspar 
falls  between  the  other  two  although  a  careful  study  of  the  results 
obtained  reveals  the  fact  that  it  more  nearly  approaches  in  behavior 
the  regular  potash  feldspar  than  the  soda  feldspar.  The  results  of 
the  test  are  shown  by  the  diagram  in  iSgure  4. 

The  figure  shows  that  the  increase  in  soda  content  causes  the 
deformation  eutectic  almost  to  disappear  and  leaves  only  the  rate 
of  deformation  to  indicate  that  such  an  eutectic  exists.  The  rates 
of  deformation  of  the  mixtures  are  somewhat  faster  than  those  of  the 
pure  potash  feldspar-quartz  mixtures  but  are  much  slower  than  those 
of  the  pure  soda  feldspar-quartz  mixtures. 
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OEKEBAL    CONCLUSIONS    ON    FELDSPAB-QUARTZ   DEFORMATION    TESTS. 

From  these  deformation  studies  it  appears  that  pure  potash  feld- 
spar may  be  expected  to  deform  at  about  cone  10  and  that  adding 
10  per  cent  of  quartz  lowers  the  deformation  temperature  to  a  notice- 
able extent  but  does  not  increase  the  rate  of  deformation. 

If  a  small  proportion  of  the  potash  feldspar  is  replaced  by  soda 
feldspar  (2  per  cent  Na^O),  the  mixtures  with  quartz  do  not  in  any 
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FxouBE  4.— Deformation  of  commercial  feldspar-quartz  cones. 

case  begin  to  deform  at  a  lower  temperature  than  the  feldspar. 
However,  a  mixture  of  95  per  cent  feldspar  and  5  per  cent  quartz 
begins  to  deform  at  the  same  temperature  as  pure  feldspar  but  com- 
pletes deformation  in  slightly  less  time.  A  90  to  10  mixture  begins 
to  deform  at  a  noticeable  interval  after  the  pure  feldspar  and  the  95 
to  5  mixture,  but  completes  deformation  at  the  same  time  as  the  95  to 
5  mixtm'e.    Thus  a  90  to  10  mixture  has  a  greater  rate  of  deformation 
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than  the  potash-soda  feldspar  itself.  All  mixtiires  of  this  feldspar 
with  quartz  show  a  tendency  to  deform  more  rapidly  after  deforma- 
tion begins  than  does  the  pure  feldspar. 

The  soda  feldspar-quartz  mixtures  show  no  evidence  of  having 
lower  deformation  temperatures  than  pure  soda  feldspar,  and  in- 
creasing the  quartz  content  of  the  mixture  increases  with  noteworthy 
regularity  the  temperature  at  which  deformation  begins.  However, 
a  mixture  of  75  per  cent  soda  feldspar  and  25  per  cent  quartz  deforms 
more  rapidly  after  deformation  begins,  and  in  all  mixtures  of  soda 
feldspar  and  quartz,  and  also  pure  soda  feldspar,  deformation  pro- 
ceeds much  more  rapidly  after  it  begins  than  in  potash  or  potash-soda 
feldspars  or  any  of  their  mixtures  with  quartz. 

CAUTION  REGARDING  INTERPRETATION  OF  THE  ABOVE  DATA. 

The  above  data  must  not  be  interpreted  as  indicating  that  com- 
mercial feldspars  containing  quartz  are  equal  in  value  to  pure  feld- 
spars. Any  adulteration  with  quartz  means  that  a  larger  amount  of 
the  feldspar-quartz  mixture  must  be  used  in  order  to  furnish  the 
necessary  quantity  of  feldspar  for  fluxing.  On  the  other  hand,  the 
percentage  of  quartz  which  is  added  to  the  body  as  ground  flint  must 
be  reduced  by  the  amount  of  quartz  added  with  the  feldspar.  For 
example,  a  body  having  the  composition  20  per  cent  feldspar,  35  per 
cent  flint,  and  45  per  cent  clay  is  to  be  made,  using  a  commercial 
feldspar  which  contains  80  per  cent  feldspar  and  20  per  cent  quartz. 
In  order  to  introduce  the  proper  amount  of  pure  feldspar,  20  per  cent, 
25  per  cent  of  commercial  feldspar  (20  parts  feldspar  plus  5  parts 
quartz)  must  be  used.  The  5  per  cent  of  quartz  added  with  the 
feldspar  must  be  deducted  from  the  35  per  cent  of  flint,  leaving  30 
per  cent  of  flint  to  be  added  as  such.  The  actual  working  recipe  of 
the  above  body  would  be  25  per  cent  commercial  feldspar,  30  per 
cent  flint,  45  per  cent  clay. 

This  shows  that  the  adulteration  of  feldspar  by  quartz  does  not  in 
any  way  make  the  feldspar  more  active  in  the  pottery  mixtures  unless 
the  mixture  contains  no  flint. 


DEFORMATION  TESTS  OF  FELDSPAB-BEBYI. 

The  results  of  tests  of  feldspar-beryl  mixtiu'es  and  of  feldspar- 
muscovite  mixtures,  which  have  already  been  published  in  Bulletin 
53  *  of  the  bureau,  are  described  in  the  following: 

The  presence  of  crystals  of  beryl  in  the  pegmatite  dikes,  and  the  &ct  that  they  are 
found  chiefly  associated  with  the  parts  richest  in  feldspar,  made  it  neceesary  to  ascer- 
tain what  effect  this  mineral  exerts  on  the  industrial  value  of  feldspar. 

a  Watts,  A.  S.,  IClning  and  treatment  of  feldspar  and  kaolin  in  the  southern  Appalachian  region:  Bull.  53, 
Bureau  of  lihies,  1913,  pp.  2fk30. 
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For  this  purpoee,  a  BorieB  of  mixtures  of  microcline  and  beryl  was  prepared  from  the 
two  minerals  ground  separately  to  200-meeh  fineness,  and  made  into  cones.  These 
cones  were  tested  in  the  same  manner  as  were  the  feldspar-quartz  and  feldspar-mus- 
covite  mixtures,  and  the  results  are  shown  in  figure  6. 

Beryl  has  the  following  composition,  36aOAlaO3.6SiO2.iH2O. 

The  mixture  containing  20  per  cent  beryl  begins  to  deform  as  cone  6  touches  the 
plate.  The  mixtures  containing  15  per  cent,  10  per  cent,  and  5  per  cent  beryl  follow 
quickly  after  the  mixture  containing  20  per  cent  beryl.  The  feldspar-beryl  series 
continue  to  deform  in  the  order  in  which  they  start,  the  first  to  begin  deforming  being 
the  first  to  touch  the  plate.  The  entire  series  deforms  completely  within  less  than  one- 
cone  temx)erature  range,  starting  at  cone  6,  touching  and  extending  to  cone  7,  not 
quite  touching  the  plate.  This  series  indicates  that  the  deformation  temperatiu'e 
decreases  with  increase  of  beryl  content,  at  least  to  20  per  cent,  where  the  series  ended. 
As  a  teelt  cone  of  piu'e  beryl  was  tested  with  this  series  and  was  heated  up  to  cone  8 
without  deforming,  a  eutectic  is  indicated  between  feldspar  and  beryl.    A  study  of  the 
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FioxTBE  5.— Deformation  of  feldspar-beryl  cones. 

fired  cones  indicates  slightly  more  deformation  in  the  mixture  containing  15  per  cent 
beryl,  but  as  this  was  not  apparent  in  the  process  of  deformation,  its  influence  is  difficult 
to  determine. 

DEFORMATION  TESTS  OF  FELDSPAB-MirSCOVITE  MIZTT7BES. 

As  muscovite  (white  mica)  is  present  in  nearly  every  pegmatite  in  the  district 
investigated,  it  is  important  to  know  what  effect  it  exerts  on  the  deformation  point 
and  color  of  the  feldspar.  For  this  purpose  a  series  of  feldapar-muscovite  mixtures 
was  made  and  tested  in  the  same  manner  as  the  feldspar-quartz  mixtures.  The 
muscovite  and  the  feldspar  were  both  ground  to  pass  a  200-me8h  sieve.  The  results  of 
this  test  are  shown  in  figure  6.  These  results  are  especially  interesting  in  view  of  the 
fabct  that  muscovite  has  the  composition  E20.3Al203.6Si02,  and  contains  the  same 
elements  as  feldspar,  but  by  virtue  of  its  higher  alumina  content  is  more  difficultly 
fusible,  being  reported  by  Rieke  «  as  deforming  with  cone  13. 

In  the  figure  it  will  be  noted  that  the  mixture  containing  5  per  cent  of  musco\dte 
begins  to  deform  before  any  other  mixture  tested.  The  order  in  which  the  various 
mixtures  deform  is  regular,  the  mixture  containing  20  per  cent  muscovite  being  the  last 
to  begin  to  deform.    The  rate  of  deformation,  however,  appears  to  be  just  the  reverse 

«  Kieke,  R.,  SpreclLsaal,  Bd.  42, 1908,  p.  578. 
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o(  this,  as  the  mixture  contaiiiing  20  per  cent  muacovite  deforms  until  it  toucbea  the 
plate  before  any  other  of  the  series.  Note  also  that  as  the  mixture  containing' 5  per 
cent  muscovite,  which  has  the  slowest  rate  of  deformation,  touches  the  plate  the  pure 
feldspar  shows  the  first  indication  of  deformation.  Thus  it  appears  that  additions  of 
finely  ground  muscovite  to  a  microcline  feldspar  lowers  the  defonnadon  temptnalure, 
and  the  rate  of  deformation  increases  with  the  increase  in  muscovite. 

The  influence  of  muscovite  upon  the  color  of  the  feldspar  is  really  the  most  impotrtant 
consideration  in  the  presence  of  muscovite,  although  the  propwtions  present  in  any 
deposit  Imown  would  hardly  average  1  per  cent.  A  specimen  containing  this  per- 
centage is  scarcely  distinguishable  from  pure  feldspar.    The  tint  produced  by  the 
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Figure  6.— Deformation  of  feldspar-musooTite  cones. 

muscovite  is  a  pale  drab,  which  is  the  same  as  is  imparted  in  porcelaiiis  by  the  ball 
clay,  and  hence  would  not  be  noticed. 

DEFORMATION  TESTS  OF  TBLDSPAB-BIOTITB  KIZTUBES. 

As  biotite  (black  mica)  is  a  constituent  of  practically  every  peg- 
matite dike  and  is  considered  by  users  of  feldspar  as  an  injurious,  if 
not  the  most  injurious,  associate  mineral,  it  is  important  to  know 
the  effect  of  biotite  on  the  pyrometric  properties  of  feldspar. 

Biotite  has  the  composition  K30.4Mg0.2Al,03.6SiOj,  in  which 
MgO  may  be  replaced  in  part  by  FeO  and  Al^Og  by  FeaO,,  the  depth 
of  color  being  determined  by  the  extent  of  this  replacement. 

A  series  of  feldspar  and  biotite  mixtures  was  prepared  by  pulver- 
izing each  of  the  minerals  until  it  passed  a  200-mesh  bronze  sieve, 
mixing  them  in  the  proper  proportions,  and  regrinding  each  mixture 
carefully  to  insure  as  intimate  a  mixture  as  possible.  The  mixtures 
were  made  into  cones  of  standard  dimensions  and  these  were  tested 
against  standard  pyrometric  cones  for  deformation  temperature  and 
rate  of  deformation.    The  results  of  the  tests  are  shown  in  figure  7. 
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FioiTBS  7.— Delormatlon  of  feldspar-biotlteconeB. 
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The  results  indicate  that  a  eutectic  mixture  is  formed  with  about 
90  per  cent  feldspar  and  10  per  cent  biotite.  The  feldspar  alone 
deformed  at  about  cone  9,  whereas  the  eutectic  mixture  deformed 
at  about  cone  7,  indicating  that  biotite  causes  a  pronounced  lowering 
of  the  deformation  temperature.  The  rate  of  deformation  is  not 
noticeably  afiPected.  The  coloring  action  of  the  biotite  b  a  complete 
barrier  to  the  use  of  biotite-bearing  feldspar  in  most  ceramic  indus- 
tries, as  1  per  cent  of  biotite  colors  the  fired  feldspar  a  pronounced 
gray  and  2  per  cent  produces  a  dark  gray-brown  color.  The  mixtures 
containing  5  per  cent  biotite  show  a  tendency  to  boil  when  deformation 
begins,  a  characteristic  of  mixtures  containing  an  excess  of  magnesium. 

HFFECT   OF   KAOIilN   ON  PROPEBTOBS  OF   COMMEBCIAIi 

FEIiDSPAR. 

The  presence  of  kaolin  and  kaolinized  material  in  commercial 
feldspar  makes  a  knowledge  of  the  effect  of  kaolin  on  the  properties 
of  the  feldspar  important.  Such  an  investigation  has  been  made  by 
Hewitt  Wilson,  ceramic  engineer,  in  preparing  data  for  a  thesis  at 
Ohio  State  University,  and  those  parts  of  the  paper  ^  which  bear  on 
this  subject  are  given  here. 

DEFORMATION  TBSTS  OF  FELDSPAB-KAOLIN  JOXTUBBS. 

KAOLINIZATfON  OF  FELDSPAR  AND  SIONIFIOANOE. 

The  kaolin  impurity  in  most  commercial  feldspars  averages  from  1  to  3  per  cent 
and  usually  is  the  result  of  the  decomposition  of  more  exi)06ed  portions  of  the  bed .  A 
description  of  this  **  decomposition  of  feldspar  and  the  recombination  of  a  portion  of 
the  decomposition  products  of  kaolin ''  has  been  given  by  Watts>  Briefly  it  is  this: 

The  molecular  formula  for  orthoclase  or  microcline  feldspar  is  K20.1Al20s.6Si02. 
By  ^vater  solution  the  E^O  is  lost,  leaving  AlgO,.6SL02  as  the  insoluble  decomposition 
products.  The  Al^O^  and  2SiOa  of  this  recombine  with  the  absorption  of  2HsO  to  fonn 
kaolin,  leaving  4  molecules  of  silica  as  free  quartz.  Thus  the  presence  of  kaolin  and 
quartz  impurities  in  a  bed  of  feldspar  is  partly  accounted  for. 

The  increase  of  the  combined  water  and  the  decrease  of  the  potash  content  aie  Hiua 
indicators  of  the  degree  of  kaolinization.  As  the  water  content  increases,  the  defoima- 
tion  temperature  also  increases.  By  plotting  the  water  alkali  curve  alongside  this 
other,  a  corresponding  deformation  temperature  can  be  obtained  for  each  percentage 
of  alkali  in  the  feldspar.  We,  therefore,  may  say  that  generally  the  morS*  kaolinized 
is  the  feldspar — that  is,  the  higher  the  water  and  lower  the  alkali  contentr— the  high» 
will  be  the  deformation  temperature.  However,  when  the  feldspar  contains  less  than 
16  per  cent  kaolin,  it  has  been  found  that  there  are  indications  of  the  formation  of  a 
eutectic,  so  that  the  rise  of  the  deformation  temx>erature  is  not  as  rapid  as  with  higher 
percentages  of  kaolin. 

Simonis  (Sprechsaal,  1907,  vol.  2)  gives  a  deformation  temperature  detomination 
for  Zettlitz  kaolin-feldspar  mixtures  and  it  was  decided  to  check  this  curve  with  our 
kaolin  and  feldspar. 

0  WUaon,  Hewitt,  Deformation  study  of  feldapar-kaolin  mixtures:  Trans.  Am.  Cer.  See.,  toI.  15, 1913, 
pp.  217-232. 

^  Watts,  A.  S.,lCIning  and  treatment  offeldspar  and  kaolin  in  the  southern  Appalachian  region:  Ball.53, 
Bureau  of  ICines,  1013,  p.  16. 
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Watts  a  found  that  there  was  an  apparent  eutectic  with  90  per  cent  feldspar  and  10 
per  cent  quartz.  As  most  commercial  feldspars  contain  both  quartz  and  kaolin 
impurities  it  would  be  nearer  actual  working  conditions  to  have  both  present  in  this 
study,  after  the  mixture  of  feldspar  with  quartz  and  with  kaolin  had  been  investigated 
separately. 

METHOD  AND  PROCEDURE. 

The  chemical  analysis  of  the  feldspar  and  also  of  the  theoretical  microcline  are  as 
follows: 


Feldspar 
used. 


Theoretical 
microcline. 


Moisture per  cent. . 


SiO,... 
Al^G,. 
TiOj.. 
Fe^O,. 
CaO... 
MgO.. 
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.do ... . 
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Trace. 
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Specific  gravity 

The  purest  kaolin  obtainable  was  used. 

Moisture per  cent 

SiOa 


AlaO,. 
Fe^O,. 
TiOa.. 
CaC. 
MgO.. 
Na,0. 
K,0.. 


98.80 

99.99 

. .     2. 57 

2.56 

Kaolin 
No.  83. 

Theoretical 
kaolin. 

cent.. 

.  13.22 

13.90 

do 

.  46.67 

46.30 

do 

.  39.07 

39.80 

do — 

.       .11 

do ... . 

.      .02 

do 

.  Trace. 

do 

.  Trace. 

do... 

.      .11 

do... 

.      .25 

99.45 

100.00 

The  crude,  imwashed  clay  was  blunged  In  a  small  household  chum,  passed  through 
a  200-me8h  screen  to  remove  all  the  laiger  quartz  and  mica  particles,  and  Uien  sized  in 
a  Schultz  elutriation  apparatus    *    *    *. 

Four  sizes  of  grain  were  separated,  dried,  and  their  average  size  determined  with  a 
microscope: 

Jar  No.  1=0.0032  to  0.0040  inches. 
Jar  No.  2=0.0024  to  0.0032  inches. 
Jar  No.  3=0.0016  to  0.0024  inches. 
Jar  No.  4=0.0009  to  0.0016  inches. 
Most  of  the  clay  grains  were  taken  from  jar  No.  3,  and  after  the  relative  size  of  grain 
study  this  size  was  used  altogether  for  all  the  cones. 

Thefeldsparandkaoliningredientsof  the  cone  mixtures  were  weighed  out  *  *  * 
and  the  two  were  mixed  dry  by  passing  twice  through  a  150-mesh  screen  and  enough 
dextrine  added  to  permit  its  being  formed  *  *  *  into  a  standard  size  cone  *  *  *. 
Each  cone  was  stamped  with  its  serial  and  clay  content  number  and  baked  in  a  con- 
stant temperature  oven  at  109^  C. 

From  24  to  27  hours  were  used  in  reaching  cone  8;  rapid  firing  maintained  until 
cone  6  to  7  was  reached  and  then  several  hours  intervening  until  cone  8  should  start. 


a  Watts,  A.  S.,  Op.  cit.,  pp.  26, 27, 38. 
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DATA   AND  RESX7LTS. 

To  determine  the  e£fect  of  size  of  grain  of  the  kaolin,  a  series  was  made  up  of  0.2,  5» 
7.5,  and  10  per  cent  of  each  of  the  sizes  Nos.  2, 3,  and  4  of  kaolin  and  fired  as  a  prelimi- 
nary bum.  No  difference  could  be  distinguished  between  the  three,  and  so  kaolin 
No.  3  was  used  throughout  the  rest  of  the  determination. 
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Kaolin  was  added  to  feldspar  in  1  per  cent  intervals,  from  0  to  16  per  cent.  Beyond 
this  the  kaolin  percentages  were  25,  30,  35,  40,  and  45.  The  average  of  9  bums  la 
given  in  figure  8. 
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This  chart  indicates  that — 

1.  The  pure  feldspar  deforms  between  cone  8  and  cone  9,  being  closer  to  the  latter. 

2.  Around  2  and  3  per  cent  kaolin  the  start  of  deformation  is  late,  the  rate  is  fast,  and 
the  end  is  before  that  of  pure  feldspar. 

3.  At  5  and  6  per  cent  the  rate  decreases  until  it  is  about  that  of  the  pure  feldspar, 
but  the  start  and  end  of  deformation  is  behind  that  of  the  latter. 

4.  In  the  9  to  11  per  cent  region  there  is  another  slow  starting,  a  rapid  rate,  and  quick 
finish  to  deformation.    The  rate  here  is  faster  than  any  other. 

5.  Beyond  10  per  cent  kaolin,  normal  conditions  are  gradually  resumed,  the  start 
and  finish  progressing  toward  higher  temperatures  with  the  increase  of  kaolin. 

Cones  in  which  the  kaolin  impurity  varies  only  by  1  per  cent  do  not  show  much 
difference  in  their  deformation.  Hence  regions,  instead  of  definite  percentages,  must 
be  used  in  tenning  these  Indicated  eutectics. 


|S:?SbM    2 


17  It  n  10 


TiQxmM  0.— Diagram  showing  relation  of  rate  of  deformation  to  proportion  of  kaolin.    Vertical  distance 

between  lines  represents  rate  of  deformation  of  pure  feldspar. 

Figure  9  shows  in  a  more  general  way  the  rate  of  deformation,  that  being  desig- 
nated by  vertical  distances  between  the  two  curves.  The  normal  rate — ^that  is,  that 
of  pure  feldspar — ^is  represented  by  the  vertical  distance  between  the  two  dotted  lines 
dropping  to  the  right  as  the  kaolin  content  increases. 

CONCLUSIONS. 

The  results  of  these  two  charts  show  that  there  are  two  indicated  deformation 
eutectics,  the  lesser  in  the  region  of  2  to  3  per  cent  kaolin  and  98  to  97  per  cent  feld- 
spar, and  the  greater  at  9  to  11  per  cent  kaolin  and  91  to  88  per  cent  feldspar.  Corre- 
spondiugly,  5  to  6  per  cent  kaolin  and  95  to  94  per  cent  feldspar  is  a  r^on  which 
may  be  termed  a  deformation  compound.  When  we  speak  of  regions,  it  is  meant 
that  in  the  limits  given  there  is  a  definite  percentage  at  the  maximum  or  minimum 
point  which  should  be  termed  the  deformation  eutectic,  or  compound,  but  that  it 
has  not  been  accurately  determined. 

BEFIBING. 

A  final  determination  was  made  to  this  phase  of  the  study  by  grinding  up  the 
deformed  cones  to  pass  150  mesh,  mixing  with  dextrine,  reforming  into  cones  and 
firing  again;  0,  2,  4,  6,  7,  5,  10,  12.5  per  cent  of  kaolin  were  used.  The  results  as 
given  in  figure  10  in  general  check  the  above  results,  the  deformation,  however, 
taking  place  from  two  to  three  cones  lower — close  to  cone  6.  Pure  feldspar  started 
about  the  same  time  as  the  others,  but  was  slow  in  deforming.  Two,  4,  7.5,  and  10 
per  cent  were  practically  the  same  and  deformed  more  rapidly  than  pure  feldspar. 
Six  per  cent  kaolin  was  slightly  behind  2  and  10  per  cent  and  dropped  more  like 
0  per  cent,  thus  indicatbig  the  higher  r^on  of  4  to  6  per  cent. 
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KAOLIN-FELDSPAB-QUABTZ   TESTS. 

Kaolin  was  added  to  a  1  to  9  mixture  of  quartz-feldspar  in  the  percentages  0,  2,  4. 
6,  8,  and  10.    The  results  of  two  bums  are  given  in  figure  11.    The  deformation 
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took  place  with  cones  8  and  9,  the  same  as  nth  kaolin  and  feldspar  alone.    With 
8  per  cent  kaolin  irent  the  moet  rapid  deformation,  10  per  cent  and  0  pw  cent  kaolin 
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FiQimB  11.— Defomuttioii  of  kaoUn^eldspamiuarU  oones. 

came  next,  with  a  lesser  rate,  leaving  2  to  4  per  cent  as  the  "high"  region  and  the 
slowest  to  deform. 
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Hence,  in  a  graieral  way,  the  feldspars  with  both  quartz  and  kaolin  impurities 
nay  be  made  to  deform  with  and  before  pure  feldspar,  especially  when  in  the  region 
of  8  to  10  per  cent  kaolin,  9.2  to  9  quart/,  and  82.8  to  81  per  cent  feldspar. 

MIXTUBES  HIGH  IK   KAOLIN. 

Dr.  Simonis  (Sprechsaal,  1907,  vol.  2)  gives  the  following  table  for  the  deformation 
of  kaolin-feldspar  mixtures: 

Deformation  poinU  of  haolin'/eldspar  mixtures. 


No.  of 
mixture. 

Proportions  in  mixtux«. 

Deformi^ 

tion  point, 

oone— 

ZettlitE 
kaolin. 

Feldspar. 

67 
74 
80 
85 
89 
92 

Percent. 
15 
80 
45 
55 
70 
85 

Percent. 
85 
70 
55 
45 
80 
15 

9 
14 

28+ 

28 

81+ 

33  to  34 

As  is  shown  by  figure  12,  we  partly  checked  this  with  our  kaolin  and  feldspar,  the 
slight  variations  being  probably  due  as  much  to  furnace  iiregularities  as  to  anything 
else.  Standard  sized  cones  were  made  of  the  different  mixtures  and  tested  with 
standard  cones  in  a  small  gas-fired  mufile  furnace. 

In  the  figure  the  dotted  lines  show  where  our  results  disagree  with  those  of  Simonis. 
Notice  the  rise  in  deformation  of  12  cones  between  the  limits  of  30  to  40  per  cent 
kaolin. 

GRAPHIC   GRANITES  AS  A  SOURCE   OF   FELDSPAR. 

As  the  exposed  deposits  of  pxire  feldspar  in  the  United  States  are 
rapidly  being  worked  out  and  the  locating  of  new  deposits  of  pure 
material  is  a  matter  of  more  or  less  uncertainty,  it  seems  wise  to 
seriously  consider  the  available  sources  of  feldspar  which  is  not 
pure  but  contains  no  impurity  that  would  make  the  feldspar  unfit 
for  ceramic  uses.  The  most  fruitful  source  of  such  investigation  is  the 
graphic  granites  or  graphic  pegmatites.  The  pure  feldspar  has  been 
obtained  from  isolated  lenses  in  these  pegmatite  dikes,  and  in  mining 
it  vast  quantities  of  pegmatite  rich  in  feldspar  and  containing  little 
or  no  impurity,  except  quartz,  were  quarried.  This  was  rejected  as 
waste.  When  the  lenses  of  pure  material  were  becomdng  exhausted, 
the  operator  began  to  work  over  these  waste  heaps  and  also  to 
quarry  the  walls  adjoining  the  pure  feldspar  lenses,  and  he  found 
there  much  material  free  from  other  impurity  except  quartz.  This 
material  was  sorted,  and  the  portion  in  which  the  quartz  content 
did  not  exceed  10  or  15  per  cent  was  accepted  and  mjixed  with  the 
pure  feldspar.  No  serious  diflBLculty  resulted  from  the  replacement 
of  5  or  10  per  cent  of  the  feldspar  by  quartz,  as  this  amount  of  varia- 
tion in  the  ordinary  pottery  body  might  often  occur  through  the 
use  of  material  in  which  an  excess  of  moisture  existed. 
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However,  each  year  the  supply  of  available  pure  feldspar  becomes 
less,  and  also  the  part  of  the  graphic  granites  which  is  richest  in  feldspar 
is  being  used  up,  leaving  a  poorer  assortment  from  which  to  select. 

Owing  to  the  gradual  hardening  of  the  commercial  grade  of  New 
England  feldspars,  which  is  not  due  to  any  change  in  the  feldspar 
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Kaolin,  per  cent         0       10       20       80       40       50      60      70       80       90     100 

Feldspar,  per  cent    100     00      80      70      60      SO      40      30      20       10      0 

FiouRE  12.--Def6rmatk)n  curve  of  kaolin-feldspar  series.   After  fliwymfa.    Dotted  lines  ehow  where 

resalts  of  Wilson's  tests  disagree  with  those  of  Simonis. 

itself,  but  merely  to  the  increased  quartz  content,  many  users  have 
turned  to  other  sources  of  supply,  thus  f ortimatdy  leaving  the  New 
England  feldspars  to  those  manufacturers  who  found  their  use 
essential  to  proper  color  in  their  wares.  This  is  especially  true  of 
the  Maine  feldspars,  which  are  recognized  as  being  superior  in  color 
to  any  other  American  feldspar  except  the  North  Carolina  feldspars, 
the  cost  of  which  is  prohibitive  in  many  industries. 
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Graphic  pegmatites,  or  graphic  granites  as  they  are  generally 
tennedy  do  not  differ  in  essential  constituents  from  ordmary  pegma- 
tite,  except  that  the  associate  quartz  is  distinctly  crystalline,  as  is 
shown  in  Plate  I,  B.  The  remarkahle  similarity  of  the  quartz  crystals 
to  Chinese  lettering  has  led  to  the  application  of  the  term  "graphic 
granite"  or  "Schriftgranit/'  as  it  is  called  in  German  literature. 

The  value  of  the  graphic  granites  for  ceramic  purposes  naturally 
depends  on  the  amount  of  impurity  present  and  it  is  worthy  of  note 
that  when  the  feldspar  and  quartz  are  intcrcrystallized  as  in  this 
graphic  form  the  amount  of  other  minerals  present  is  much  less 
than  in  other  forms  of  pegmatite  or  granite.  As  quartz  is  the  chief 
associate  mineral,  its  effect  on  the  deformation  point  of  the  felds- 
par is  of  importance  to  the  ceramist. 

FBLDSPAB-QT7ABTZ  BATIO  IN  GBAPHIC  GBANTTES. 

Vogt*  has  offered  the  theory  that  in  graphic  granite  the  quartz 
and  feldspar  are  present  in  eutectic  proportions.  He  presents  as 
evidence  the  following  analyses  of  graphic  granites  and  their  recal- 
culation into  feldspar  and  free  quartz  contents. 

Composition  of  graphic  granites. 


No.  1. 

No.  2. 

No.  8. 

No.  4. 

Compasltloii: 
Sli/i 

Percent. 

Percent. 

Percent. 

PercenL 

74.04 

74.00 

73.82 

74.47 

AlsOi 

14.44 

14.31 

14.44 

15.13 

CaO 

.33 

.39 

.35 

.72 

K»0 

9.36 

9.02 

8.90 

7.06 

NaiO.... 

2.01 

2.42 

2.45 

2.01 

Feldspar 

74.7 

76.3 

75.3 

72.7 

Free  quarts.. 

25.3 

24.7 

24.7 

27.3 

In  conclusion  he  says: 

When  the  potash  feldspar  is  in  excess,  the  proportions  of  feldspar  and  quartz  in 
graphic  granites  are  absolutely  constant  or  only  very  slight  variable  *  *  *  From 
this  we  conclude  with  absolute  certainty  that  the  graphic  granite  is  a  eutectic  mixture 
and  has  a  composition  approaching  74  per  cent  feldspar  and  26  per  cent  quartz. 

Teafl^  concludes  that  the  graphic  granite  represents  the  eutectic 
between  feldspar  and  quartz. 

Johnson*^  concludes  that  the  feldspar-quiirtz  content  in  graphic" 
granites  has  a  definite  ratio ,  dependent  upon  the  type  of  feldspar 
present.  When  the  feldspar  is  orthoclase  the  molecular  ratio  of 
feldspar  to  quartz  is  2i3.  When  the  feldspar  present  is  plagioclase 
the  molecular  ratio  is  1:2.  When  the  feldspar  present  is  albite  the 
molecular  ratio Ts  1:3. 

a  Vogt,  J.  H.  L.,  Die  8nikatschmels-16sung6D,  1004,  pp.  117-128. 

»  Teall,  J.  J.  H.,  BtltJsh  petrography,  1888,  p.  402. 

c  Jobnson,  H.  E.,  Qeolo^kafGrenlngeos  FSrhandlinger,  Bd.  27, 1905,  p.  110. 
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Bygden^  concluded  from  a  study  of  many  analyses  that  the  type  of 
feldspar  present  bears  no  definite  relation  to  the  feldsparnjuartz 
ratio.  He  believes  that  a  definite  feldsparnjuartz  ratio  does  exist  in 
most  graphic  granites,  but  thinks  it  is  not  so  simple  as  Vogt  and 
Johnson  imagine. 

Bastin,^  after  considering  the  data  and  opinions  of  other  investi- 
gators, compiled  a  table  of  mineral  compositions  of  graphic  granite 
in  which  he  included  not  only  all  available  foreign  data  but  also 
the  compositions  of  three  Maine  graphic  granites.  From  a  study  of 
these  he  finds  that  even  among  graphic  granites  whose  feldspars  are 
almost  identical  in  composition,  there  are  considerable  variations 
in  the  feldspar-quartz  ratio.  Bastin's  table  of  graphic  granite  com- 
positions is  included  as  analyses  D  to  G  in  the  table  following. 


VARIATION  IN  GBANTTES  THBOTJOHOnT  A  GIVBN  DISTRICT. 

The  subject  of  chief  interest  to  users  of  feldspar  is  the  possible 
variation  of  graphic  granites  throughout  a  given  district,  both  as 
regards  ratio  of  feldspar  to  quartz  and  also  as  regards  the  chemical 
composition  and  physical  behavior  of  the  feldspar  component  of 
the  graphic  granites. 

In  the  following  table  samples  A,  B,  and  C  were  collected  by  A.  S. 
Watts,  of  the  Bureau  of  Mines,  and  were  analyzed  by  A.  C.  Fieldner 
of  the  bureau.  Samples  D  to  G  were  collected  by  the  United  States 
Geological  Survey  and  were  analyzed  by  George  Steiger  in  the 
laboratory  of  the  Geological  Survey. 

Composition  of  New  England  graphic  granites, 

CnEMICAL  COMPOSITION. 


A.c 


Per  cent. 

SiOj '       73.89 

AljOi '       14.33 

CaO I     Trace. 


MgO.... 

BaO... 

FejOs... 

KfO.... 

Na,0.. 

HtO... 


.do.... 

None. 

.16 

9.02 

2.14 

.33 


B.c 


Per  cent. 

74.34 

14.45 

Trace. 

...do 

None. 

.14 

8.63 

2.00 

Trace. 


C.c 


Percent. 

74.53 

14.26 

Trace. 

...do 

None. 

.16 

8.55 

2.25 

.30 


D.d 


Percent. 

73.89 

13.75 

None. 

...do 


.26 
9.00 
2.10 

.24 


E.d 


Percent. 

73.92 

14.26 

None. 

. .  .do 


.30 
8.99 
2.06 

.11 


F.* 


Percent. 

72.76 

15.47 

.19 

None. 


<2» 

2.35 
.15 


G.< 


Percent. 

71.00 

16.31 

.22 

None. 


(«) 


8.66 
3.44 
.12 


CALCULATED  MINERAL  COMPOSITION. 

Potash  feldsnar 

53.4 
18.2 

51.1 
16.9 

50.6 
19.1 

54.4 

18.5 

55.3 
18.5 

56.0 

ao.o 

1.0 

23.0 

LO 

51.4 

Soda  f  eldsDax 

20.1 

Lime  f  eldsDar 

l.O 

Free  auartz 

26.9 
L5 

29.7 
2.3 

28.7 
1.6 

27.1 

Trace. 

26.3 
Traoe. 

17.6 

Other  constituenls - 

.9 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

IOOlO 

aByeden,  A.,  tlber  das  quantitative Verh&ltnissKwischen  Feldspat  und  Quan  In  Schrlftgranlteo:  BalL 
Geol.  Inst.  Univ.  Upsala,  vol.  7, 1904,  pp.  1-18. 

b  Bastin,  £.  S.,  Geology  of  the  pegmatites  and  associated  rocks  of  Maine,  including  quarts,  feldspar, 
mica,  and  gem  deposits:  U.  S.  Geol.  Survey  Bull.  445, 1911,  pp.  39-42, 124-125. 

c  Bureau  of  Mines  samples. 

d  Geological  Surve>;  samples. 

e  FeiOg  include  with  AlaOi. 
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Sample  A. — Fine-gramed  graphic  gramte  (see  PI.  I,  B)  from  newly  opened  quarry 
of  Maine  Feldspar  Co.,  east  slope  of  Moiint  Ararat,  Topsham,  Maine. 

Sample  B. — ^Medium-grained  graphic  granite  (see  PL  I,  B)  from  Wm.  Willis  quarry, 
Cathance,  Maine. 

Sample  C> — Coarse-grained  graphic  granite  (see  PI.  I,  B)  from  Golding  Sons  Co. 
quarry,  Georgetown  Peninsula,  Maine. 

Sample  D. — Coarse  graphic  granite,  Fisher's  quarry,  Topsham,  Maine.  Quartz 
layers  about  1  inch  across  and  feldspar  layers  about  4  inches  across. 

Sample  E. — ^Moderately  coarse  graphic  granite,  Fisher's  quarry,  Topsham,  Maine. 
Quartz  layers  about  0.05  inch  across  and  feldspar  layers  about  0.15  inch  across. 

Sample  F. — ^Fine  grained  graphic  granite  from  Kinkle's  feldspar  quarry,  Bedford, 
West  Chester  Co.,  N.  Y.  Quartz  layers  about  0.03  inch  across  and  feldiq>ar  layers 
about  0.08  inch  across. 

Sample  G. — Graphic  granite  from  Andrews  quarry,  Portland,  Conn.    Quartz  layers 
vary  but  average  not  more  than  0.02  inch  across.    The  feldspar  layers  average  nor 
more  than  0.05  inch  acroas.    Some  areas  of  pure  feldspar  in  the  sample  increase  the« 
the  feldspar  content  shown  by  the  analysis  above  what  a  graphic  granite  of  this  fine- 
ness should  yield. 

Study  of  the  aaalyses  A,  B,  C;  D,  and  E,  all  of  which  are  from  the 
chief  feldspar-producing  district  of  Maine,  shows  no  greater  difference 
in  chemical  composition  than  would  be  expected  in  samples  taken 
from  different  places  in  a  single  quarry.  The  maximum  variation  in 
potash  content  is  0.47  per  cent,  in  soda  0.25,  in  total  alkali  only  0.53, 
in  alumina  0.70,  and  in  silica  0.64  per  cent.  The  calculated  mineral 
compositions  indicates  that  the  maximum  variation  la  free  silica  con- 
tent is  only  3.4  per  cent. 

From  the  foregoing  it  appears  that  the  statement  of  Vogt  regarding 
the  ratio  of  feldspar  and  quartz  seems  to  hold  for  Maine  graphic 
granites.  A  comparison  of  the  calculated  mineral  compositions 
indicates  that  there  is 'no  relation  between  the  variation  in  free  quartz 
content  and  the  size  of  quartz  particles. 

BELATION  BETWEEN  PYBOMETBIC   BEHAVIOR  AND  FELBSPAB 

CONSTITUENTS. 

The  next  problem  was  to  determine  the  relation  between  the  pyro- 
metric  behavior  of  the  graphic  granites  and  of  their  feldspar  con- 
stituents. For  this  study,  three  graphic  granites,  A,  B,  and  C,  were 
selected  which  grade  from  a  very  fine  to  a  very  coarse  grained  granite. 
The  quartz  in  all  three  samples  was  of  the  smoky  variety  and  the 
feldspars  are  indicated  by  optical  analyses  to  be  microcUnes  with 
small  intergrowths  of  albite. 

PREPABATION   OF   SAMPLES. 

The  three  samples  were  photographed  (PI.  I,B)  and  then  each  sample 
was  divided  into  two  equal  parts ;  one  part  was  pulverized  as  pegmatite 
and  the  other  part  carefully  cleaned  of  all  free  quartz  and  pulverized 
as  pure  feldspar.  In  each  case  the  pulverized  material  was  ground 
dry  to  pass  a  200-mesh  sieve,  mixed  with  a  small  amount  of  dextrine, 

4492*»--Bun.  92—16 5 
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and  molded  in  the  plastic  state  into  cones  similar  to  standard  pyro- 
metric  cones.  These  cones  were  tested  as  follows:  (a)  For  the 
deformation  temperatures  and  rates  of  deformation  of  the  graphic 
granites  as  such;  (b)  for  the  deformation  temperatures  and  rates  of 
deformation  of  the  pure  feldspar  components;  (c)  for  the  relation 
between  the  graphic  granites  and  mixtures  of  their  feldspar  com- 
ponents and  known  proportions  of  pulverized  quartz.  The  quartz 
used  in  this  last  test  was  quartz  sand  ptdverized  dry  to  pass  a  200- 
mesh  sieve. 

BESXJLTS   or  TESTS. 

The  relative  pyrometric  behavior  of  the  graphic  granites  and  their 
feldspar  components  is  shown  in  figure  13. 

The  diagram  shows  that  at  least  in  the  case  of  these  graphic 
granites  of  Maine  the  deformation  temperature  lies  well  beyond  that 


B 


B 


3 

lU 


Cone  8 


Cone  9 


Graphic 


Feldapar 


Grachic 
granite 


Feldspar 


Graphic 
grahlte 


f^dspar 


/ 


i 


i 


1 


A 


1 


1 


/ 


/ 


A 


L 


SL 


IL 


£. 


£L 


/L 


jH 


/T 


/a 


£ 


/r 


ia 


^ 


/t^ 


A 


^ 


IL 


Id. 


£ 


IL 


/ 


j^ 


£. 


^ 


£. 


£. 


^ 


^ 


/a^ 


Down 


FlOTTU  13. — ^DefBrmation  of  graphic  gnmltea  and  their  feldspar  oomponents. 

of  their  feldspar  components.  The  first  of  the  feldspars  to  com- 
mence deformation  was  C,  followed  within  a  few  degrees  by  feldspars 
B  and  A.  The  feldspars  all  deform  at  about  the  same  temperature 
as  cone  8,  feldspar  C  deforming  at  a  temperature  slightly  lower  and 
feldspars  A  and  B  at  one  slightly  above  cone  8.  The  rate  of  deforma- 
tion of  the  three  feldspars  varies  slightly,  that  of  feldspar  C,  which 
b^ins  to  deform  first,  being  the  highest.  Feldspars  A  and  B  both 
deform  at  the  same  rate  as  cone  8. 

The  three  graphic  granites  of  which  these  three  feldspars  formed 
a  part  do  not  deform  imtil  cone  9,  and  furthermore  do  not  deform 
in  the  same  order  as  the  feldspars,  but  follow  the  order  of  the  cal- 
culated free  quartz  content.  Graphic  granite  A,  which  has  a  cal- 
culated free  quartz  content  of  25.8  per  cent,  begins  to  deform  notice- 
ably ahead  of  the  other  two  granites  and  completes  deformation 
distinctly  ahead  of  them.    Graphic  granites  B  and  C,  carrying 
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respectively  27.6  per  cent  and  27.4  per  cent  of  free  quartz,  begin  to 
d^onn  at  the  same  temperature;  but  C  deforms  more  quickly  than 
B  and  is  completely  deformed  when  B  is  not  more  than  half  deformed. 

The  results  of  ^e  analyses  show  that  graphic  granite  C  has  the 
lowest  alumina  content  and  the  highest  soda  content,  both  of  which 
factors  tend  to  favor  rapid  deformation  in  the  pure  feldspar.  How- 
ever, the  small  excess  of  free  quartz  in  this  granite  more  than  coimter- 
acts  the  effect  of  the  more  fusible  feldspar  and  causes  the  granite  to 
d^orm  at  a  higher  temperature  than  graphic  granite  A,  which  con- 
tains slightly  less  soda  and  slightly  more  alumina  but  contains  1.6  per 
cent  less  free  quartz. 

Graphic  granite  B,  which  is  the  richest  in  free  quartz  and  contains 
the  highest  percentage  of  alumina  and  the  lowest  percentage  of 
soda,  is  the  most  refractory  of  the  three  samples,  and  its  feldspar 
component  is  more  refractory  than  that  contained  in  either  of  the 
other  two  graphic  granites. 

Thus  it  is  clear  that  a  slight  variation  in  composition  may  greatly 
change  the  temperature  and  rate  of  deformation  of  a  graphic  granite. 

It  must  be  remembered,  however,  that  the  three  graphic  granites 
tested  are  so  similar  that  in  a  commercial  plant  the  difference  in 
pyrometrio  behavior  would  hardly  be  noticed. 

The  main  point  brought  out  by  this  experiment  is  the  fact  that 
graphic  granites  high  in  potash  and  low  in  soda  and  containing  no  lime, 
of  which  the  graphic  granites  of  Maine  are  examples,  deform  at 
temperatures  distinctly  higher  than  do  their  feldspar  components. 
Hence  they  are  not  deformation  eutectic  mixtures  of  feldspar  and 
quartz.  Whether  these  graphic  granites  are  true  eutectic  mixtures, 
in  that  the  ratio  of  feldspar  to  quartz  represents  the  saturation  point 
of  each  in  the  other  so  that  both  may  solidify  at  the  same  time,  is  a 
question  which  this  study  was  not  designed  to  prove. 

DETERMINATION   OP  QUARTZ  CONTENT. 

The  determination  of  the  quartz  content  in  the  graphic  granites 
by  synthesis  resulted  as  follows: 

Graphic  granite  A  was  very  fine  grained.  A  block  of  this  material 
was  crushed  and  then  cleaned  as  completely  as  possible  of  free  quartz. 
The  fact  that  the  quartz  present  was  of  the  smoky  variety  made  its 
detection  less  difficult  than  would  otherwise  be  the  case.  The  pure 
feldspar  was  pulverized  to  pass  a  200-mesh  sieve  and  a  series  of 
mixtures  with  pulverized  quartz  prepared  containing  6  to  35  per 
cent  quartz.  The  mixtures  were  molded  into  cones  of  standard 
dimensions.  This  series  was  placed  on  a  fire-clay  slab,  together  with 
a  specimen  of  the  original  graphic  granite  A  and  also  a  specimen  of 
the  pure  feldspar  A. 

The  pure  feldspar  deformed  with  cone  8.  The  graphic  granite  A 
deformed  slightly  above  cone  8  and  simxdtaneously  with  the  mixture 
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of  feldspar  A  and  25  per  cent  quartz.  A  comparison  of  this  data 
with  the  calculated  norm  composition  shows  that  the  discrepancy  is 
not  very  great. 

Graphic  granite  B  was  of  medium  size  grain.  A  block  of  this 
material  was  cnished,  cleaned,  and  pulverized  in  the  same  manner 
as  graphic  granite  A.  Specimens  of  the  pure  feldspar  and  the  graphic 
granite  and  a  series  of  feldspar-andnjuartz  cones  were  prepared  and 
tested. 

Pure  feldspar  B  deformed  with  cone  8.  Graphic  granite  B  de- 
formed with  the  mixture  consisting  of  70  per  cent  feldspar  and  30  per 
cent  quartz  and  at  the  temperature  of  cono  9.  A  comparison  of  this 
data  with  the  calculated  norm  composition  indicates  a  discrepancy  of 
2.4  per  cent,  as  the  calculated  content  of  free  quartz  is  27.6  per  cent. 

Graphic  granite  C  was  coarse  grained.  A  block  of  this  material 
was  prepared  and  tested  in  a  manner  similar  in  all  respects  to  that 
f  oUowed  with  graphic  granites  A  and  B. 

Pure  feldspar  C  deformed  midway  between  cones  7  and  8. 
•Graphic  granite  C  deformed  between  cones  8  and  9,  but  nearer  cone  9 
temperature.  It  deformed  with  the  mixture  of  feldspar  C  and 
30  per  cent  quartz.  A  comparison  of  this  data  with  the  calculated 
norm  composition  shows  the  synthetic  mixture  to  be  2.6  per  cent  high. 

This  method  of  determining  the  quartz  content  of  a  pulverized 
feldspar  is  shown  to  be  perfectly  practical  within  general  limits,  but 
can  not  be  depended  on  for  determinations  closer  than  2  or  3  per  cent. 
This  discrepancy  is  possibly  in  part  due  to  the  fact  that  the  quartz 
used  in  the  synthetic  mixtures  was  finer  grained  than  the  quartz 
contained  in  the  groimd  graphic  granite.  This  fact  was  proven  by 
microscopic  study  of  the  fused  cones,  although  the  powdered  materials 
were  all  thought  before  use  to  be  of  su£5iciently  uniform  fineness. 

In  nature  graphic  granite  is  a  mixture  of  feldspar  and  quartz  in 
intimate  crystalline  relation,  but  both  exist  as  distinct  minerals. 
These  graphic  granites  must  be  reckoned  as  mixtures  of  feldspar  and 
quartz,  which  fortimatcly  are  remarkably  constant  for  graphic 
granites  containing  feldspars  free  from  lime  and  high  in  potash  and 
low  in  soda.  If  the  user  of  graphic  granite  will  recalculate  it  in  terms 
of  feldspar  and  quartz  and  introduce  it  as  such,  much  of  the  difBlculty 
arising  from  its  use  wiU  be  overcome. 

NOBICATIVE  COMPOSITION  OF  OBAPHIC  OBANTCBS. 

The  compositions  of  18  graphic  granites,  calcidated  into  their 
mineral  components  as  norms,«  is  given  m  the  table  foUowmg.  This 
list,  with  the  exception  of  Nos.  3, 4,  8,  and  14,  is  discussed  by  Bastin.^ 

a  For  a  (Usenssion  of  methods  of  calculating  the  normatiTe  compositioii  of  a  lo^  from  the  actual  com- 
position, as  shown  by  chemical  analysis,  and  the  significance  of  the  relationship^  sse  Clarke,  F.  W.,  The 
data  of  geochemistry,  U.  S.  Qeol.  Survey  Bull.  491, 1911,  pp.  404-408. 

b  Bastin,  E.  8.,  Oeology  of  the  pegmatites  and  associated  rocks  of  liaine:  U.  S.  Qeol.  Survey  Bull.  445, 
1011,pp.41-t2. 
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The  table  discloses  the  fact  that  the  ratio  of  potash  felckpar  to 
soda  feldspar  in  graphic  granite  is  generally  greater  than  2  : 1  and 
often  reaches  3:1.  In  those  samples  in  which  soda  feldspar  is  the 
prevailing  type  of  feldspar  the  potash  feldspar  is  present  in  very 
small  amount  only.  The  graphic  granites  15,  16,  17,  and  18  belong 
to  a  class  entirely  distinct  from  the  others.  A  fact  worthy  of  note 
is  the  small  variation  in  norm  content  of  potash  feldspar  in  Nos.  1  to 
14,  inclusive.  With  the  exception  of  Nos.  2  and  13,  the  potash 
feldspar  content  is  between  47.4  per  cent  and  55.2  per  cent  of  the 
graphic  granite,  whereas  the  soda  feldspar  in  the  same  series  varies 
from  10.6  per  cent  to  29.2  per  cent.  In  the  first  14  samples — that 
is,  the  graphic  granites  high  in  potash  feldspar — only  two  contain 
more  than  27.6  per  cent  free  quartz  and  only  two  contain  less  than 
23.2  per  cent. .  Thus  70  per  cent  of  the  graphic  granites  studied 
contain  23.2  to  27.6  per  cent  of  free  quartz,  a  variation  of  4.4  per  cent. 

PROSPECTING  AND  SAMPLING. 

Too  much  emphasis  can  not  be  placed  upon  the  importance  of 
thoroughness  in  prospecting  for  feldspar  and  in  sampling  the  deposit 
when  located.  Practically  all  the  failures  in  feldspar  quarrying  are 
due  to  improper  prospecting  and  sampling,  which  has  led  to  an  over- 
estimation  of  the  extent  of  the  deposit  and  of  the  quaUty  of  material 
obtainable.  In  many  instances  the  analysis  of  hand  specimens  taken 
in  the  course  of  ordinary  prospecting  have  been  made  the  basis  of 
large  investment  and  expenditures  where  the  material  of  the  grade 
sampled  is  so  limited  as  to  hardly  justify  a  passing  glance. 

In  prospecting  for  feldspar  the  geology  and  topography  of  the 
district  must  be  carefully  considered.  If  the  country  rock  is  more 
easily  eroded  than  granite  or  pegmatite  the  dikes  or  sills  are  exposed 
above  the  surroxmding  coxmtry.  If  the  country  rock  is  more  resistant 
to  erosion  than  granite  or  pegmatite,  the  existence  of  the  dikes  or 
sills  is  indicated  by  depressions.  Throughout  the  New  England  and 
North  Appalachian  States  the  former  case  prevails  and  in  many  places 
pegmatite  rich  in  feldspar  is  exposed  along  the  ridges  or  along  the 
steep  slope  of  the  hills. 

When  such  an  exposure  is  foimd  or  a  deposit  of  p^matite  is  in 
any  way  discovered,  the  prospector  shoidd  first  ascertain  the  general 
nature  of  the  walling  rocks.  From  a  hasty  survey  the  existence  of 
folding  or  faulting  can  be  determined  and  also  the  deposit  classified 
as  dike  or  siU.  An  exposure  may  be  either  across  the  dike  or  along 
its  strike  and  what  may  seem  to  be  the  face  of  a  broad  lens  may  be 
in  reality  only  a  thin  sheet.  With  the  formation  identified  as  dike 
or  siU  the  prospector  should  proceed  to  determine  the  strike  and  dip 
as  well  as  the  general  dimensions  of  the  deposit.    To  do  this  the 
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overburden  should  be  removed  from  the  exposure  untfl  the  full 
width  of  the  deposit  is  bare.  With  the  data  thus  obtained  the 
apparent  strike  should  be  projected  50  feet  and  the  deposit  uncovered 
at  that  point.  Sometimes  this  projected  continuation  of  the  dike 
will  prove  erroneous^  hence  it  is  advisable  where  the  overburden  is 
heavy  to  locate  the  dike  first  by  drilling.  Prospecting  should  be 
continued  at  intervals  of  not  more  than  50  feet  in  both  directions 
from  the  original  exposure,  and  if  the  deposit  seems  to  vary  greatly 
in  dimensions  the  intervals  should  be  reduced  to  25  feet. 

The  location  of  the  dike  by  driUing  is  only  of  value  as  a  labor  saver 
in  determining  where  the  cuts  shall  be  made.  The  reason  for  this 
is  obvious.  The  drill  sample  can  merely  indicate  that  the  formation 
is  of  a  granitic  nature  and  shows  little  as  regards  size  of  grain  or  the 
extent  to  which  impurities  exist. 

After  locating  the  limits  of  the  deposit  therefore  open  cuts  or  at 
least  a  pit  should  be  made  in  order  to  expose  a  reasonable  area  of  the 
surface.  These  exposures  should  not  be  farther  apart  than  50  feet. 
The  cutting  of  a  trench  across  the  entire  deposit  as  compared  with 
sinking  a  pit  through  the  overburden  has  been  proven  by  experience 
to  be  little  if  any  more  expensive,  as  the  trenching  can  be  done  with 
plow  and  scraper,  whereas  in  dicing  a  pit  most  of  the  work  is  neces- 
sarily hand  labor. 

Which  surface  is  exposed  by  this  method  depends  on  the  nature  of 
the  deposit,  if  it  is  a  dike  the  surface  exposed  represents  the  cross- 
sectional  face  of  the  deposit;  if  a  sill  the  surface  exposed  is  one  of  the 
walls  and  does  not  in  any  way  represent  an  average  of  the  deposit. 
The  mode  of  procedure  therefore  depends  upon  the  nature  of  the 
deposit. 

SAMPLING  A  DIKE. 

To  sample  a  dike  from  the  trenches  cut,  the  most  satisfactory 
method  is  as  follows:  Lay  oflf  the  dike  from  wall  to  wall  in  5-foot 
centers,  beginning  at  a  point  1  foot  from  the  foot  wall  and  placing 
the  last  center  not  more  than  3  feet  from  the  hanging  wall.  At  each 
of  these  centers  drill  a  row  of  three  holes,  3  feet  deep  and  2  feet 
apart,  on  a  45°  slope  toward  the  hanging  wall,  the  rows  being  at  right 
angles  to  the  trench  wall.  Charge  each  hole  with  one  stick  of  "60 
per  cent"  or  one  and  one-half  sticks  of  "40  per  cent"  dynamite,  and 
tamp  well  with  soft  clay  after  attaching  the  detonator  or  exploder 
wire.  Fire  by  whatever  method  is  most  convenient,  but  fire  the  rows 
in  regular  order,  beginning  with  the  one  next  the  hanging  waU. 
Much  better  results  will  be  obtained  if  all  the  holes  of  a  row  are 
fired  simultaneously.  Each  row  shoidd  be  carefully  sampled  and  all 
loose  debris  cleaned  away  before  the  next  roimd  of  shots  is  fired. 
As  soon  as  the  shots  are  fired,  the  loosened  material  should  be  removed 
and  broken  into  pieces  of  approximately  3  inches  diameter  or  less. 
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This  material  should  include  all  tkat  is  loosened  by  tjie  shot,  but  judg- 
ment should  be  used  in  handling  it — for  instance,  a  block  of  mica 
which  was  imbedded  in  the  mass,  but  was  entirely  independent  of 
the  remaining  material,  should  not  be  crushed  and  mixed  with  the 
other  material  loosened  by  the  shots. 

A  careful  record  of  the  surfaces  exposed  should  be  made  and  espe- 
cial emphasis  should  be  placed  on  the  gradation  from  the  surface 
inward  as  regards  size  of  grain  and  presence  of  associated  minerals. 

The  material  loosened  by  a  row  of  shots  should  aU  be  piled  on  a 
sampling  cloth  or  wooden  platform  and  thoroughly  mixed,  quartered, 
and  two  opposite  quarters  discarded.  After  mixing  the  remaining 
material  thoroughly,  it  should  be  quartered,  and  two  opposite  quar- 
ters discarded.  What  remains  on  the  doth  should  be  broken  into 
pieces  not  to  exceed  2  inches  maximum  diameter  and  the  whole 
thoroughly  mixed  together.  By  repeated  quartering  this  mass 
should  be  reduced  to  a  sample  of  about  5  pounds. 

In  quartering  especial  care  should  be  taken  that  the  quarters  dis- 
carded are  entirely  removed,  because  if  some  fine  material  is  left  on 
the  sampling  doth  each  time,  as  is  sometimes  done  by  cardess  sam- 
plers, the  resultant  5  pounds  will  contain  an  excessive  amount  of  this 
fibae  material,  which  may  have  a  different  composition  from  the 
coarser  material. 

If  the  faces  exposed  by  the  shots  indicate  that  the  dike  material 
improves  rapidly  with  depth  it  may  be  advisable  not  to  sample  the 
rock  next  the  surface,  but  to  obtain  the  sample  from  the  bottom  of 
the  holes.  This  can  sometimes  be  done  by  striking  with  a  heavy 
sledge  the  faces  exposed  in  the  bottom  of  tJie  blast  hole.  If  this  is 
not  effective  a  single  hole  may  be  bored  in  the  bottom  of  the  blast 
hole.  This  drill  hole  should  dope  45^  toward  the  foot  waU,  thus 
cutting  under  the  face  exposed  by  the  first  shot  with  the  miniTmiTn 
depth  of  drill  hole.  A  single  hole  2  feet  deep  charged  with  one  stick 
of  "60  per  cent"  dynamite  will  generally  move  enough  pegmatite  to 
afford  a  good  sample  and  this  sample  should  be  all  removed  and  care- 
fully sampled  as  explained  above.  After  all  the  centers  in  all  the 
trenches  have  been  sampled  in  this  manner,  the  depth  of  the  dike  is 
still  to  be  determined.  As  this  involves  considerable  expense  for 
sinking  shafts  or  cutting  a  tunnd,  it  may  be  advisable  to  first  make  or 
have  made  fire  tests  of  the  samples  already  taken.  If  the  results  of 
the  tests  prove  satisfactory,  the  prospector  is  now  ready  to  sdect  a 
site  for  the  test  shafts  or  tunnd.  The  sdection  of  this  location  will 
depend  more  or  less  on  the  topography  of  the  coimtry.  If  shafts  are 
to  be  \ised  at  least  two  will  be  nec^sary  and  they  should  be  at  least 
50  feet  apart  along  the  strike  of  the  dike.  One  may  be  sunk  at  the 
natural  place  to  open  the  dike,  and  the  other  should  preferably  be  on 
higher  ground.    The  shafts  should  be  sunk  not  less  than  25  feet  into 
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the  dike  material  or  imtil  the  grade  of  the  product  is  proven  too  low 
for  commercial  use.  The  most  convenient  small  shaft  is  a  3  by  6  foot 
rectangular  shaft,  with  the  larger  dimension  across  the  dike.  In 
sinking  such  a  shaft,  frequent  and  detailed  record  should  be  made  of 
the  appearance  of  the  rock,  and  at  intervals  not  exceeding  5  feet  a 
5(Kpound  sample  should  be  taken,  and  each  of  these  samples  crushed 
and  quartered  to  a  5-poimd  sample  after  the  manner  described  above. 
If  more  than  one  band  of  the  dike  is  exposed  in  the  shaft,  each  band 
should  be  sampled  separately. 

TESTING  FELDSPAR. 

If  a  feldspar  as  marketed  was  the  powder  of  a  pure  mineral,  the 
chemical  analysis  would  doubtless  afford  a  reliable  means  of  check- 
ing the  various  shipments  and  thus  insure  uniform  results  from  its 
use.  As  the  feldspar  of  commerce  necessarily  contains  other  min- 
erals which  are  associated  with  it  and  as  the  term  '^feldspar''  is  used 
to  cover  a  broad  range  of  chemical  composition,  the  safest  course  for 
the  user  who  desires  imiformity  of  results  is  to  determine  the  chem- 
ical composition  and  also  the  physical  properties  of  the  feldspar. 
For  the  methods  of  chemical  analysis  of  feldspars,  the  reader  is 
referred  to  United  States  Geological  Survey  Bulletin  422.*  The 
most  important  physical  properties  of  feldspars  are  as  follows: 
Temperature  of  deformation  or  fusion;  rate  of  deformation;  color 
when  deformed  and  after  complete  fusion;  shrinkage  which  its  intro- 
duction imparts  to  a  standard  porcelain  body. 

TEMPERATURE  OF  FUSION. 

Feldspars  fuse  at  widely  varying  temperatures,  owing  to  their  great 
variation  in  chemical  composition.  When,  to  this  cause  of  variation 
is  added  that  of  an  uncertain  proportion  of  mineral  other  than  feld- 
spar, only  a  very  general  prediction  can  be  made  as  to  the  physical 
and  pyrometric  properties  of  the  mixture. 

Fusion  is  a  progressive  process  and  covers  the  entire  pyrophysical 
change  from  the  solid  to  the  fluid  state.  The  only  means  of  meas- 
luing  the  degree  to  which  the  process  has  attained  is  to  determine 
the  change  in  viscosity  of  the  mass. 

Measurement  of  the  viscosity  of  fusion  by  means  of  physical  appa- 
ratus is  a  difficult  operation,  and  the  apparatus  at  present  available 
is  not  smtable  for  the  use  of  any  but  highly  trained  experimentors. 
Fortunately  for  the  practical  man,  as  well  as  for  the  more  highly 
trained  investigator,  there  is  a  simple  and  accurate  method  of  meas- 
uring viscosity  change  in  the  early  stages  of  fusion  which  affords  a  reli- 
able means  of  expressing  the  relative  temperature  and  rate  of  fusion. 

a  Hinebxaiid,  W.  F.,  The  analysis  of  silicate  and  carbonate  rocks:  U.  S.  Geol.  Survey  Bull.  422, 1910, 
230  pp. 
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TESTING  WITH  STAMDAKD  CONES. 


The  method  referred  to  is  standardization  against  standard  pyro- 
metric  cones  of  known  deformation  temperature  and  rate  of  defor- 
mation. Deformation  may  be  defined  as  the  first  visual  evidence 
of  fusion  and  indicates  the  reduction  of.  viscosity  to  the  point  where 
the  mass  is  no  longer  able  to  support  its  own  weight.  The  rate  of 
deformation  evidences  only  the  rate  of  fusion  in  its  early  stages^  but 
by  the  method  employed  the  possibility  of  error  is  reduced  to  the 

mmimum 

The  standard  pyrometric  cones  are  made  from  a  series  of  mixtures 
of  carefully  tested  and  standardized  materials  similar  to  those 
employed  in  porcelain  manufacture.  They  were  first  produced  by 
Dr.  Herman  Seger  imder  the  patronage  of  the  German  Government. 
The  temperature  at  which  the  cone  deforms  is  regulated  by  its  com- 
position. Seger  made  a  series  of  standard  cones  to  fuse  at  intervals 
of  20^  C.  between  1,150°  C.  and  1,650''  C,  and  nimibered  them  1  to 
26.  Later  a  series  of  standard  cones  for  temperatures  from  950®  C. 
to  1,130®  C.  were  devised  by  E.  Cramer,  an  associate  of  Seger.  The 
members  of  this  series  also  fuse  at  temperature  intervals  of  20®  C, 
and  are  numbered  010  to  01.  A  series  of  standard  cones  were  later 
produced  for  temperature  above  1,650®  C,  and  these  are  known  as 
Nos.  27  to  42,  the  latter  being  the  fusing  point  of  pure  alumina. 
The  temperature  at  which  these  pyrometric  cones  fuse  is  affected  to 
a  greater  or  less  degree  by  the  heat  treatment  which  they  receive, 
but  with  firing  conditions  constant  they  are  reliable  to  within  a  few 
degrees. 

The  standard  cones  of  the  Seger  series,  which  are  the  only  ones  in 
which  the  feldspar  investigator  is  interested,  are  as  follows: 


Seger  uria  of  sUmdard  pyrometric  cones. 


Cane  No. 

1.... 

2.... 

3... 

4 

5.... 

6.... 

7.... 

8.... 

9..-. 
10. . . , 
11.... 


Deformation 
temperatoxe,  **C. 

1,150 

1,170 

1,190 

1,210 

1,230 

1,250 

1.270 

],290 

1,310 

1,330 

1,350 


Cane  No. 

12 

13 

14 

15 

16 

17 

18 

19 

20 

26 


Beformatlaa 
temperature,  *C, 

....   1,370 

....  1,390 

....  1,410 

....  1,430 

....  1,450 

....  1,470 

....  1,490 

....  1,510 

....  1,530 

....  1,650 


Cones  Nos.  21  to  25,  inclusive,  have  proved  so  erratic  in  their 
behavior  \mder  commercial  firing  conditions  that  their  manufacture 
and  use  have  been  abandoned  both  in  Europe  and  America.     The 
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temperatures  between  1,550  and  1,630®  C.  have  proved  impractical^ 
however,  for  ceramic  firing  and  in  commercial  practice  there  is  no 
demand  for  cones  deforming  between  these  temperatures. 

The  process  of  manufacture  of  these  standard  pyrometric  cones  is 
as  follows:  The  various  ingredients  are  weighed  in  proper  proportion 
and  thoroughly  ground  to  a  homogeneous  mixtiu'e.  This  mixture 
is  made  plastic  by  additions  of  a  solution  of  dextrine  and  pressed  in 
molds.  After  molding,  the  cones  are  baked  at  a  low  temperature  to 
make  them  strong  enough  to  permit  handling.  The  shape  and 
dimensions  of  the  dried  standard  cone  are  shown  in  figure  14. 

The  material  to  be  tested  is  ground  to  an  impalpable  powder  and 
by  a  small  admixture  of  dextrine,  cornstarch,  or  similar  solution  is 
rendered  sufficiently  plastic  to  permit  of  its  being  pressed  into  cones 
of  the  same  shape  and  dimensions  as  the  standard  cones.  After 
drying  these  cones  are  ready  for  test. 

METHOD  OF  TESTINQ. 

A  slab  of  fire  clay  is  prepared  and  into  this  the  cones  to  be  tested 
are  embedded  about  one-sixth  their  height.  The  cones  should  be 
spaced  as  closely  as  possible  and  not  interfere  with  one  another  in 
deforming.  Standard  pyro- 
metric cones  should  be  placed        {^ H 

upon  the  same  slab  or  on      /  ^ 

separate  slabs,  and  in  as  close 

proximity  to  the  cones  being 

tested  as  safety  of  operation 

will  permit.    The  slab  and 

cones,  after  being  carefully  dried,  are  so  placed  in  an  inclosed  muffle 

furnace  that  no  direct  flame  can  strike  the  cones  and  the  temperature 

is  gradually  raised  until  the  desired  deformation  occurs  (PL  I,  0). 

A  close  watch  must  be  kept  over  the  process,  as  there  are  two 
stages  to  be  observed — the  shrinkage  stage  and  the  deformation  stage. 
The  first  or  shrinkage  stage  is  well  in  advance  of  the  deformation 
stage  in  some  cases,  and  a  considerable  rise  in  temperatiu'e  may 
elapse  before  any  evidence  of  deformation  is  noticeable.  Specimens 
that  were  removed  from  the  fmmace  after  reaching  only  the  shrinkage 
stage  have  been  f  oimd  to  be  dense  and  slightly  translucent,  indicating 
that  the  process  of  fusion  had  begun  in  the  individual  particles  but 
that  nothing  more  than  a  cementing  together  of  the  particles  had 
occmrred.  The  shrinkage  stage  is  characteristic  of  the  standard 
pyrometric  cones  and  hence  these  can  not  be  used  as  standards  by 
which  the  shrinkage  may  be  gaged.  However,  as  most  standard 
cones  do  not  begin  to  shrink  perceptibly  until  heated  within  about 
40°  C.  of  the  temperature  at  which  deformation  begins,  it  is  practical 


FicniE  14.— Standard  cone  for  deformation  test. 
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to  use  as  a  standard  for  gaging  the  shrinkage  one  of  the  standard 
pyrometric  cones  No.  12  to  No.  14,  which  will  certainly  not  b^in  to 
shrink  until  any  feldspars  that  may  be  used  in  ceramic  manufacture 
are  well  advanced  in  the  process  of  deformation. 

In  placing  the  cones  on  the  slab  of  fire  clay  it  is  highly  desirable  to 
slant  them  all  slightly  and  uniformly  in  the  direction  in  which  it  is 
desired  that  they  should  deform. 

The  process  of  deformation  begins  when  the  first  evidence  of 
bending  is  discerned,  and  is  completed  when  the  point  of  the  cone 
touches  the  surface  of  the  slab  on  a  level  with  the  base.  Stages  of 
deformation  beyond  the  latter  point  are  not  easily  determined  owing 
to  uncertain  effect  of  the  supporting  action  of  the  plate  on  two  points 
of  the  cone.  The  first  evidence  of  deformation  of  the  feldspar  should 
be  carefully  recorded  with  data  regarding  the  degree  of  deformation 
of  the  standard  pyrometric  cones  against  which  it  is  being  standard- 
ized. As  its  deformation  progresses  frequent  records  should  be  made 
both  of  the  feldspar  cone  and  the  standard  cones.  This  data  is 
valuable  in  direct  proportion  as  the  number  of  careful  readings, 
since  these  indicate  the  rate  of  deformation. 

Time  is  a  factor  which  must  be  carefully  considered  in  expressing 
the  temperature  of  deformation  of  any  feldspar  or  standard  cone. 
A  careful  record  should  be  made  of  the  time  which  elapses  between 
the  application  of  heat  to  the  feldspar  and  standard  cones  and  the 
beginning  and  termination  of  the  deformation  process.  Also  a 
record  should  be  made  of  the  rate  of  increase  of  temperature  in  the 
inclosure  containing  the  cones.  This  data  may  be  obtained  by 
providing  a  series  of  standard  pyrometric  cones  which  deform  at 
stated  intervals  from  red  heat  to  the  critical  temperature  of  the 
feldspar  being  tested. 

USE  OF  PTBOMETERS. 

A  more  satisfactory  means  of  procuring  this  data  is  by  employment 
of  one  of  the  numerous  pyrometers  designed  for  temperature  deter- 
mination, many  of  which  are  equipped  with  an  automatic  recording 
device  by  which  the  rise  in  temperature  is  plotted  on  a  sheet  suitably 
prepared  for  such  record.  Pyrometers  other  than  pyrometric  cones 
may  be  classified  as  follows:  (1)  Thermoelectric  pyrometers,  (2) 
heat-radiation  pyrometers,  and  (3)  optical  pyrometers.  A  brief 
description  of  these  thermometers  which  has  been  given  in  Bulletin 
53 **  is  included  here: 


a  Watts,  A.  S.,  Mining  and  treatment  of  feldspar  and  kaolin  in  the  southern  Appalachian  region:  Boll. 
53,  Burean  of  Mines,  1913,  pp.  23-24. 


TESTING  PBLDSPAK.  67 

THBBMOEUBOTBIC  PYBOMBTEB. 

The  thermoelectric  pyrometer  is  an  iiiBtrument  for  ascertaining  the  temperature 
in  an  oven  or  kiln.  It  consists  of  a  thermoelectric  couple,  made  by  fusing  a  platinun^ 
wire  and  a  wire  composed  of  90  per  cent  platinum  and  10  per  cent  rhodium ,  which  is 
exposed  to  the  temperature.  The  difference  in  temperature  between  the  hot  and 
the  cold  junctions  of  these  two  wires  U  proportional  to  the  electric  current  generated, 
and  this  is  recorded  on  a  galvanometer.  The  deflection  of  the  galvanometer  varies 
with  the  current  generated,  and  the  dial  of  the  galvanometer,  being  scaled  in  centi- 
grade degrees,  permits  the  operator  to  read  directly  the  temperature  of  the  fiumace. 
Such  an  instrument  is  reliable  to  3®  C.  imder  ideal  laboratory  conditions,  and  is  reliable 
within  5  to  10  degrees  under  factory  conditions.  The  electric  pyrometer  is  highly 
satisfactory  for  use  in  testing  feldspars,  but  as  the  deformation  of  a  feldspar  is  a  P3rro- 
chemical  process,  in  which  heat  and  time  are  factors,  the  time  consumed  in  heating 
the  sample  to  the  deformation  temperature  should  be  considered  in  expressing  the 
deformation  temperatmre  of  any  feldspar  or  feldspar  mixture. 

The  thermoelectric  pyrometer  deteriorates  rapidly  at  temperatures  above  1,500^  C, 
hence  for  testing  kaolins  and  quartzes  S^er  cones  or  some  form  of  heat  radiation  or 
optical  pyrometer  must  be  used. 

HEAT-BADIATION  PYBOMBTEB. 

In  the  heatrradiation  pyrometer  the  heat  radiated  from  an  incandescent  body,  in  the 
furnace  or  kiln,  is  focused  on  a  thermocouple  and  the  electromotive  force  generated  is 
indicated  by  the  deflection  of  an  attached  galvanometer,  which  is  read  on  a  dial  scaled 
in  centigrade  degrees.  The  precautions  that  the  operator  must  consider  in  using  such 
a  pyrometer  are  to  have  the  incandescent  object  focused  sharply  upon  the  thermo- 
junction  and  to  have  the  image  so  focused  of  greater  size  than  the  junction. 

Such  a  pyrometer  is  reliable  only  within  10^  C.  under  the  most  favorable  conditions; 
hence  its  use  is  little,  if  any,  more  satisfactory  for  temperature  measurements  than  are 
the  pyrometric  cones. 

OPTICAL  PYBOHETBB. 

The  optical  pyrometer  of  La  Ghatelier  consists  of  a  telescope  that  carries  a  small 
comparison  lamp  attached  laterally.  The  image  of  the  flame  of  this  lamp  is  projected 
on  a  mirror  at  45  degrees  placed  at  the  principal  focus  of  the  telescope.  The  images 
of  the  object  viewed  and  of  the  comparison  flame  are  side  by  side  and  are  brought  to 
equal  intensity  by  suitable  adjustment  of  the  instrument.  Under  the  most  favorable 
conditions  this  instrument  is  subject  to  any  error  of  vision  of  the  operator  and  for  high 
temperatures  should  hardly  be  expected  to  give  results  more  accurate  than  10^  G. 

As  the  deformation  of  feldspars  may  in  some  cases  be  completed  within  a  tempera- 
ture range  of  5^  to  8^  C,  the  use  of  thermocouples  or  optical  pyrometers  does  not  fur- 
nish a  graphic  comparison.  Soger  cones,  placed  side  by  side  with  the  sample  to  be 
tested,  is  by  far  the  most  satisfactory  method  of  comparison,  although  it  is  always 
advisable  to  use  a  thermocouple  or  optical  pyrometer  to  check  the  temperatiure  of  the 
deformation. 

The  cone  of  material  of  which  the  deformation  point  is  to  be  determined  is  placed 
on  a  fire-clay  slab  to  which  it  is  made  fast  by  means  of  a  fusible  slip  or  by  packing  clay 
about  the  base.  If  clay  is  packed  about  the  base  care  must  be  used  that  the  cone  be 
set  not  more  than  one-fourth  inch  in  the  clay  lest  the  deformation  be  retarded .  If  the 
deformation  temperature  is  to  be  determined  by  means  of  cones,  these  should  be  placed 
about  the  cone  to  be  tested  and  as  near  as  possible  without  danger  of  contact  when 
deformation  begins.  If  the  cones  are  not  set  exactly  vertical,  care  must  be  taken  that 
the  same  slant  be  given  to  all,  otherwise  the  results  will  not  be  comparable. 
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As  the  rate  of  fusion  is  an  important  factor,  the  cones  should  be  closely  snitched  and 
the  time  at  which  each  standard  cone  is  exposed  to  the  heat  should  be  recorded,  the 
time  at  which  it  begins  to  deform,  and  the  time  at  which  its  point  reaches  the  level  of 
its  base,  the  cone  forming  a  semicircle.  A  similar  record  for  the  cone  of  the  material 
being  tested  enables  one  to  determine,  by  referring  to  the  standard-cone  record,  the 
temperature  of  the  beginning  of  deformation  and  also  the  temperature  at  which  its 
point  reaches  the  level  of  its  base.  The  range  of  temperatiure  between  these  two  stages 
of  deformation  is  very  important  as  indicating  the  range  of  temperature  within  which 
the  material  under  test  will  be  valuable  a?  a  flux  in  pottery  manufacture. 

PROPERTIES  OF  FELDSPAR  IN  PORCELAIN  MIXTURES. 

The  following  description  of  methods  of  testing  the  pyrometric 
properties  of  feldspar  is  taken  from  Bulletin  53 :  * 

TBSTma  BY  MEANS  OF  STANDARD  TRIALS. 

The  r61e  of  feldspar  in  the  porcelain  mixture  is  that  of  a  cementing  material  or 
solvent,  its  activity  depending  on  the  temperature  attained  in  the  firing  process.  If 
the  temperature  only  softens  the  feldspar  the  latter  can  do  nothing  more  than  bond  the 
quartz  and  kaolin  with  which  it  is  intimately  mixed.  If  the  feldspar  is  heated  until 
it  becomes  fluid,  it  can  take  into  solution  part  of  the  quartz  and  kaolin,  and  thus  form 
a  more  or  less  homogeneous  mass.  Impurities  in  the  feldspar  may  not  seem  very  inju- 
rious  in  their  action  when  the  feldspar  is  tested  alone,  but  may  materially  affect  the 
speed  of  reaction  and  other  properties  of  the  feldspar  when  used  in  porcelain  mixtures. 

The  action  of  a  feldspar  in  porcelain  mixtures  is  the  only  safe  and  proper  basb  for 
ju(]^ng  its  industrial  value.  Experience  has  proved  that  it  is  not  essential  that  the 
proportions  of  a  porcelain  mixture  for  testing  be  industrially  correct  but  rather  that 
those  proportions  be  selected  which  wUl  cause  the  ingredients  to  display  most  pro- 
noimcedly  any  faults  that  they  possess.  Thus  an  excess  of  feldspar  will  increase  the 
tendency  to  warp  and  also  to  produce  bad  colors.  For  practical  test  the  following 
proportions  have  been  found  most  satis&tctory:  Feldspar,  20  per  cent;  kaolin,  50  per 
cent;  and  quartz,  30  per  cent;  mixed  with  50  grams  of  water. 

A  standard  for  each  of  these  materials  should  be  selected  from  the  best  material  on 
the  market  and  should  be  thoroughly  tested  as  to  its  physical  and  chemical  properties. 
From  these  standard  materials  a  standard  trial  mixture  or  blank  should  be  prepaced 
in  the  proportions  given  above  and  this  standard  trial  should  be  tested  in  exactly  the 
same  manner  as  the  mixture  containing  the  material  under  test. 

METHOD  OF  PREPARING  TRIALS. 

The  standard  plastic  trials  are  produced  by  mixing  the  materials  in  the  proportions 
given  above.  Especial  attention  should  be  given  to  the  thorough  mixing  of  these 
material?  into  a  homogenous  mass,  as  otherwise  the  trial  mixture  lacks  uniformity 
and  is  unreliable.  After  being  thoroughly  mixed  and  kneaded  the  material  is  formed, 
by  jiggering  or  by  pressing  into  molds  in  such  a  manner  that  a  product  of  varying 
thicknesB  will  be  obtained. 

For  this  trial  a  wedge-shaped  rectangular  block,  which  may  be  any  desired  length, 
is  most  satisfactory.  If  one  edge  is  sharp  and  the  other  three-fourths  of  an  inch  thick 
the  trial  can  be  used  for  translucency  and  color  tests;  and  by  impressing  the  face  with 
a  metal  die  a  record  of  linear  shrinkage  may  also  be  obtained.  Care  should  be  ob- 
served that  this  mark  for  shrinkage  or  identification  does  not  interfere  with  the  trans- 
lucency test. 

a  Watts,  A.  8.,  Mining  and  treatment  of  feldspar  and  kaolin  In  the  southern  Appalachian  region,  BoIL 
63, 1913,  pp.  32-36. 
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For  testing  the  feldspar  a  mixture  should  be  prepared  in  every  way  similar  to  the 
standard  trial  or  blank,  except  that  the  feldspar  to  be  tested  should  be  substituted  for 
the  standard  feldspar.  In  the  molding  of  trials  the  process  employed  in  making  the 
standard  trials  must  be  carefully  duplicated  if  comparable  data  are  expected.  AU 
test  pieces  should  be  conspicuously  marked  to  insure  identification. 

As  soon  as  trials  are  removed  from  the  molds  they  should  be  placed  where  they  may 
dry  without  warping,  and  when  thoroughly  dry  the  drying  shrinkage  may  be  deter- 
mined by  measuring  with  calipers  the  impression  made  by  the  die. 

FIBING. 

In  filing  the  triala  the  temperature  attained  should  be  that  to  which  the  feldspar 
will  probably  be  subjected  in  commercial  work.  For  convenience  this  temperature 
may  be  safely  assumed  to  be  about  that  at  which,  in  the  deformation  of  the  trial,  the 
point  reaches  the  level  of  the  base,  as  described  under  deformation-point  determina- 
tion. 

VITRIFICATION   BANQE. 

Vitrification  range  is  that  range  of  temperature  within  which  the  feldspar  being 
tested  produces  a  vitreous  body  that  does  not  warp.  The  vitrification  range  of  feldspar 
is  determined  by  means  of  a  bar  one-half  by  one-half  by  6  inches  composed  of  a  mixture 
similar  to  the  standard  porcelain  mixture,  except  that  the  standard  feldspar  is  re- 
placed by  the  feldspar  being  tested. 

This  bar,  after  thorough  drying,  is  so  placed  in  the  kiln  that  it  is  supported  1  inch 
bom.  each  end,  leaving  Uie  4  inches  in  the  middle  unsupported.  The  temperature  at 
which  warping  begins  marks  the  highest  temperature  that  is  practical  for  this  feldspar 
in  this  proportion  and  is  considered  the  maximum  temperature  of  the  vitrification 
range.  The  Tninimnm  temperature  of  the  vitrification  range  is  determined  by  firing 
to  various  temperatures  the  trials  containing  the  feldspar  being  tested;  they  are  then 
carefully  weighed  dry,  and  after  standing  for  24  hours  in  pure  water  are  removed, 
carefully  dried  on  the  surface  only,  and  reweighed.  The  increase  in  weight  indicates 
the  absorbed  water  content.  The  minimum  temperature  which  renders  the  trial 
nonabsorbent  is  the  minimum  temperature  of  the  vitrification  range. 

COLOR. 

In  t^e  absence  of  a  standard  system  of  measuring  color,  the  method  employed  is  by 
comparison,  using  the  standard  porcelain  mixture  made  and  fired  under  comparable 
conditions  as  a  standard. 

TRANSLUCENCY. 

Translucency  is  determined  by  placing  the  wedge-shaped  translucency  trials  over 
a  1-inch  hole  in  a  box  that  contains  a  16-candlepower  electric  lamp  of  constant  bril- 
liancy. The  maximum  thickness  of  the  trial,  expressed  in  centimeters,  through  which 
a  No.  20  wire  can  be  detected  on  the  face  of  th^e  trial  next  the  lamp  with  the  lamp  3 
inches  distant,  is  taken  as  a  measure  of  translucency  .^ 

SHRINKAGE. 

Shrinkage  is  determined  by  measiuing  the  length  of  the  die  impression  made  in 
the  wedge  used  in  the  translucency  test.  The  total  shrinkage  is  the  di£ference 
between  the  original  length  and  the  length  after  firing. 

o  Weelaus,  Charles,  and  Ashley,  H.  E.,  Rei>ort  of  the  committee  on  the  classification  of  white  ware: 
Trans.  Am.  Cer,  Soc.,  vol.  13, 1911,  pp.  104-105. 
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TEST   UNDER  GLAZE. 

An  important  property  of  all  feldspars  is  their  effect  on  the  color  of  the  body,  both 
unglazed  and  glazed.  Many  porcelain  bodies  are  of  ^ultless  color  when  unglazed, 
but  when  covered  with  a  clear  glaze  the  defects  of  the  ingredients  show,  and  the  body 
as  viewed  through  the  glaze  is  so  badly  off-color  that  the  conunerciai  value  of  the 
ware  is  greatly  reduced.  Tests  under  glaze  are  therefore  of  much  importance,  and 
as  the  glazes  used  are  of  two  classes — ^namely,  law-lead  and  fritted — it  is  advisable 
whenever  possible  to  apply  to  the  fired  trials  a  thin  coat  of  glaze.  For  convenience 
it  is  desirable  to  place  a  small  quantity  of  each  glaze  on  the  same  trial  or  test  piece, 
in  order  that  the  effects  of  the  different  glazes  may  be  most  clearly  compared.  A 
small  part  of  the  trial  should  be  left  unglazed,  in  order  that  the  effect  that  glazing  faaa 
on  the  color  may  be  determined  by  comparison. 

For  tests  of  materials  in  porcelain  mixtiunes  under  glazes,  those  glazes  should  be 
chosen  that  are  most  likely  to  be  used  with  the  materials  in  commercial  work. 

For  this  test  the  following  glazes  have  been  found  satisfoctory  and  are  recommenced 

for  use  at  temperatures  between  cone  02  and  cone  2 — ^that  is,  approximately,  1,110 

to  1,190°  C: 

Raw-lead  glaze. 

llolecular  formnku 
0.6    PbOl 

0.15  ZnOJ 

Compodtioii  of  batch  by  weight. 

Per  oant. 

White  lead 51.81 

Potash  feldspar 18. 60 

Whiting 5.02 

Zinc  oxide 4. 20 

Kaolin 4. 32 

Flint 16.05 


o 


100.00 
llua  material  is  groimd  with  water  enough  to  produce  a  thin  paste  and  is  applied  as 
coat  of  uniform  thickness  to  all  the  teot  pieces  to  be  compared. 


PriUed  glau. 
Molecular  formola. 


0.13  K,0 
0.25  Na,0 
0.25  ZnO 
0.25  CaO 
0.12  PbO 


^■^^Mo^l% 


Composition  of  batch  by  weight. 

Fcront. 

Melted  frit 37.02 

Potash  feldspar 31. 02 

White  lead 13. 30 

Zinc  oxide 8. 70 

Kaolin 9.96 

100.00 
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Frit. 
Molecular  fonnula. 

0.5  Na,0\        ro.58  SiO, 
0.5  CaO/       U.OOBjO, 

[Composition  of  batch  by  weight,  raw.] 

Per  cent. 

Borax 69.26 

Whiting 18.13 

Flint 12.62 

100.00 

This  frit  is  melted  to  a  glass,  cooled,  and  ground  to  pass  a  150-mesh  sieve.  The 
ground  melted  Mt  is  added  to  the  glaze  in  the  proportion  given  above,  and  the  mix- 
ture is  thoroughly  ground  before  being  applied  to  the  trials.  The  fritted  glaze  is 
generally  applied  in  a  thinner  coat  than  that  necessary  for  the  raw-lead  glaze. 

BLANK  OR   STANDARD  TRIAL  FOR  FELDSPAR. 

The  blank  or  standard  trial  for  feldspar  consists  of  the  standard  porcelain  mixture, 
and  contains  the  standard  feldspar,  kaolin,  and  quartz  in  the  proportions  specified. 
The  chemical  composition  of  the  standard  feldspar  is  as  follows  : 

Composition  of  standard  feldspar. 

Percent. 

HaO a  35 

SiOa 71.75 

AI2O3 16.  70 

FojOa 14 

TiOj 03 

CaO 25 

MgO 

K3O r 8.59 

NaaO 2.99 

ioo.  80 

The  standard  feldspar  has  a  deformation  temperature  range  of  1,300^  to  1,320^  0. 
When  fused  it  becomes  a  milky  glass  without  any  yellow  tint. 

In  the  standard  porcelain  mixtiu'e  this  feldspar  produces  a  vitreous  mass  at  1,310^  C. 
and  at  1,350^  C.  shows  no  indication  of  warping.  The  color  is  a  vitreous  white  with- 
out any  distinguishable  cream  or  blue  tint.  At  1,350^  0.  the  feldspar  produces  a 
translucency  of  0.65,  and  a  total  shrinkage  of  15.6  per  cent,  3  per  cent  of  which  is 
drying  shrinkage  and  12.6  per  cent  firing  shrinkage. 

QUARRYING  AND  QUARRYING  METHODS. 

The  methods  of  quarrying  dike  materials  vary  greatly  in  different 
localities,  owing  to  the  wide  difference  in  structure  of  different 
deposits  and  the  varying  amount  of  worthless  material  which  must 
be  handled. 

Most  pegmatite  deposits  outcrop  along  a  part  of  their  strike,  and 
the  common  error  of  opening  a  quarry  where  the  dike  material  is 
most  easily  and  cheaply  accessible,  without  due  consideration  for 

4492<'— Bull.  92—16 6 
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future  operations,  has  caused  many  a  yenture  to  fail  which  with  a 
little  more  care  might  have  been  a  success. 

Dikes  rarely  have  vertical  walls,  and  if  a  dike  is  opened  from  the 
foot-wall  side  the  removal  of  the  material  below  the  hanging  wall 
may  necessitate  the  handling  of  a  large  amount  of  hanging-wall 
refuse.  In  many  cases  the  deposit  may  be  as  conveniently  opened 
on  the  hanging  wall,  and  the  foot- wall  material  need  not  be  disturbed, 
so  that  the  expense  of  handling  tins  material  may  be  avoided. 

Careful  planning  of  the  method  of  attack  is  especially  necessary  in 
dealing  with  the  isolated  lenses  of  foreign  or  wall  material  which  are 
to  be  found  in  all  dikes  and  sills,  the  removal  of  which  often  absorbs 
all  the  profit  from  the  marketable  material  obtained. 

The  dikes  often  contain  impure  bands  throughout  their  entire 
extent.  If  these  impure  parts  are  along  the  walls,  the  quarrying  may 
be  so  planned  that  only  at  the  entrance  and  in  parts  of  the  hanging 
wall  need  the  impure  material  be  distiu*bed.  If  the  capping  of  the 
dike  is  worthless  because  of  impurity,  it  may  be  removed  first  and 
the  great  annoyance  of  handling  this  refuse  on  the  quarry  floor  with 
the  marketable  material  be  avoided. 

Where  there  is  a  definite  impiu^  band  in  the  heart  of  the  dike  it  is 
often  advisable  to  remove  the  dike  material  only  on  one  side  the 
impure  band  and  leave  the  other  part  imtil  the  band  can  be  sepa- 
rately removed  without  serious  difficulty. 

The  reason  for  working  a  quarry  in  such  an  irr^ular  manner  is 
evident  if  the  expense  of  sorting  the  quarried  products  by  hand  is 
thereby  avoided.  YThere  biotite  or  tommaline  is  scattered  through- 
out the  deposit  and  hand  sorting  of  all  marketed  material  is  necessary, 
it  would  hardly  be  advisable  to  quarry  the  two  sides  and  the  impure 
band  separately. 

THE  OPENING  OF  A  QUARET. 

Careful  consideration  should  be  given  to  the  opening  of  a  quarry 
in  order  that  the  material  may  be  handled  as  economically  as  possible. 
This  consideration  may  involve  opening  the  deposit  at  a  point  widely 
removed  from  the  easiest  point  of  attack. 

YThere  the  strike  of  the  deposit  follows,  the  face  of  a  hill  and  the 
deposit  has  been  proved  over  a  considerable  area,  the  opening  cut 
should  be  made  across  the  entire  width  of  the  dike.  From  this 
crosscut  entrance  the  deposit  may  be  worked  across  the  entire  face. 
Only  by  this  method  can  the  production  be  maintained  imiform  for 
any  great  period  of  time. 

If  the  deposit  strikes  across  the  hill  it  is  necessary  to  confine 
operations  to  one  face  only,  except  in  extraordinary  cases  where  both 
ends  of  the  deposit  are  so  situated  that  quarrying  may  be  carried  on 
equally  well  from  either  end.    In  most  cases  one  face  presents 
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greater  adyantages.  If  the  hillside  has  a  gradual  slope,  it  is  often 
practical  to  work  the  deposit  on  an  upper  level  until  a  sufficient  area 
is  provided  for  convenient  operation  and  then  at  a  considerably 
lower  level  make  a  new  opening,  and  thus  increase  the  production 
over  that  possible  from  the  single  opening. 

The  quarrying  of  dike  materials  may  be  conveniently  divided  into 
two  classes — (a)  quarrying  the  part  above  water  level  and  (&)  quarry- 
ing the  part  below  water  level. 

Such  a  classification  is  necessary,  owing  to  the  many  special 
problems  and  considerations  connected  with  quarrying  below  water 
level;  also  the  added  cost  of  getting  out  the  rock.  Many  quarries 
which  belong  in  class  (a)  are  forced  into  class  (6)  because  of  mistakes 
made  in  opening  the  property  or  of  improper  methods  of  quarrying. 

Where  the  dike  is  so  located  as  to  fall  into  class  (a)  the  operation 
of  quarrying  consists  in  (1)  removing  the  overburden,  (2)  quarrying 
the  dike  material  by  benches,  (3)  sorting  the  loosened  material,  (4) 
removal  of  the  marketable  and  refuse  material  from  the  quarry, 
(5)  handling  of  the  marketable  material  between  quarry  and  mill. 

BEKOVINa  THB  OVEBBX7BDEN. 

The  removal  of  overburden  from  a  feldspar  deposit  is  a  subject 
which  deserves  especial  consideration  because  careless  stripping  has 
caused  more  trouble  than  almost  any  other  feature  of  quarrying. 
The  operator  \a  inclined  to  think  that  the  overburden,  being  soil,  will 
not  contaminate  the  rock  feldspar  and,  hence,  may  be  allowed  to 
wash  down  the  face  of  the  quarry  or  lie  in  heaps  on  the  half-loosened 
feldspar  masses  about  to  be  crushed  for  the  mill. 

The  most  injurious  impurity  with  which  the  manufacturer  of  pure 
white  pottery  material  has  to  deal  is  oxide  of  iron.  The  ordinary 
surface  soil  contains  considerable  quantities  of  oxide  of  iron  hi  an 
extremely  fine  state.  When  this  soil  washes  or  caves  down  onto  the 
masses  of  feldspar,  this  iron  is  infiltrated  into  the  crevices  and  also 
coats  the  exterior  of  the  rock.  Subsequent  knocking  about  prior  to 
pulverizing  does  not  remove  the  iron  and  it  is  pulverized  with  the 
feldspar,  producing  a  product  apparently  white,  but  which  develops 
numberless  gray  and  brown  specks  on  firing.  Increased  care  and 
thoroughness  in  the  removal  of  overburden  is  especially  commended 
to  the  consideration  of  the  quarry  operators. 

The  overburden  should  be  removed  for  a  width  of  20  feet  from 
the  quarry  face.  If  the  depth  of  the  overbiu*den  is  great,  it  should 
be  stripped  back  far  enough  to  insure  against  any  slides  falling  into 
the  quarry.  At  a  short  distance  from  the  quarry  face  an  ample 
drainage  ditch  should  be  cut  to  divert  surface  water  from  the  quarry. 

The  overbiu^den  can  generally  be  removed  by  plow  and  scraper 
when  removed  well  in  advance  of  the  quarrying,  and  this  method  is 
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much  more  economical  than  removal  by  hand,  as  is  necessary  when 
the  overburden  is  allowed  to  remain  until  the  quarried  face  is  within 
a  few  feet  of  it. 

QUARETING  THE  DIKE  MATERIAL. 

In  quarrjring  the  dike  material  the  depth  and  width  of  the  benches 
will  depend  on  the  texture  of  the  p^matit^;  in  most  cases  the  best 
depth  for  drill  holes  is  found  to  be  6  to  10  feet.  The  holes  should  be 
not  more  than  3  feet  apart.  The  width  of  the  bench  should  never 
be  less  than  4  feet,  and  6  feet  is  a  more  economical  and  convenient 
width  for  drilling.  It  can  be  readily  understood  that,  as  the  drilling 
of  the  holes  is  the  most  expensive  item  of  the  quarrying,  the  greatest 
possible  amount  of  rock  must*  be  moved  per  hole  drilled,  provided 
the  bowlders  loosened  shall  not  require  subsequent  drilling  to  bring 
them  to  a  convenient  size  for  handling. 

The  entire  length  of  the  bench  should  be  drilled  and  loaded  and 
the  complete  string  of  holes  shot  at  one  time.  This  is  naturally 
more  effective  than  where  each  hole  is  fired  separately. 

The  diameter  of  hole  is  generally  2  inches,  and  the  explosive  used 
varies  from  "40  per  cent"  to  "60  per  cent''  dynamite.  In  one 
instance  "30  per  cent"  dynamite  is  reported  as  being  used.  For  a 
10-foot  hole  on  a  6-foot  bench,  where  a  string  of  holes  3  feet  apart 
are  drilled,  a  charge  of  six  sticks  of  "40  per  cent"  or  four  sticks  of 
"60  per  cent"  dynamite  is  the  normal  charge  per  hole.  The  deto- 
nators caps  used  are  Nos.  4,  5,  and  6,  the  No.  6,  however,  being  now 
almost  universally  used.  Electric  exploders  are  now  almost  -uni- 
versally used  in  feldspar  quarries. 

The  breaking  of  the  feldspar  into  coarse  lumps  instead  of  fine 
material  has  come  to  be  general  quarry  practice  except  where  the 
amount  of  impurity  present  makes  close  inspection  necessary.  The 
coarse  material  can  be  handled  much  more  economically  than  fine 
material  and  can  be  crushed  with  Uttle  added  expense.  When  the 
lumps  fail  to  break  readily,  a  small  adobe  (mud-capped)  or  a  short- 
hole  shot  will  quickly  and  economically  reduce  them  to  a  convenient 
size  for  handling. 

When  a  bench  has  been  shot  down  and  the  coarse  lumps  reduced 
by  sledge  or  explosive  to  a  convenient  size  for  handling,  drilling  may 
begin  on  the  next  bench  while  the  fresh  material  is  being  removed 
from  the  quarry. 

A  much  neglected  but  very  important  point  in  the  successful  oper- 
ation of  a  quarry  is  the  maintenance  of  a  smooth  and  dean  quarry 
floor.  AU  the  expense  of  maintaining  a  good  floor  is  repaid  by  the 
economy  of  handling  the  material  in  removing  it  from  the  quarry. 
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SORTING  TUB  MATERIAL. 

The  operation  of  sorting  the  feldspar  and  removing,  by  cobbing, 
any  impure  parts  which  are  found  adhering  to  otherwise  pure  feld- 
spar is  a  task  of  varying  importance  in  diflFerent  quarries.  In  some 
instances  the  entire  quarried  product  is  removed  from  the  quarry 
and  sorted  in  sheds  or  on  convenient  piles  and  the  refuse  returned 
to  the  dump  in  a  worked-out  part  of  the  quarry. 

In  most  cases  the  extra  handling  of  this  impure  material  would 
add  much  to  the  cost  of  production,  and  the  common  practice  is  to 
load  only  the  reasonably  dean  feldspar  into  the  conveyance  for 
removal  from  the  quarry,  the  more  impure  material  being  conveyed 
directly  from  the  bench  face  to  the  dump. 

The  moving  of  the  broken  rock  from  bench  faces  to  bin  or  dump  is 
a  considerable  problem.  Within  the  Maine  and  Connecticut  feldspar- 
producing  district  several  quarries  are  using  light  hopper  cars  of  the 
side-dump  type  that  run  on  a  track  and  are  drawn  by  horses.  The 
other  quarries  use  the  ordinary  dump  cart  drawn  by  horse  or  handle 
aU  material  in  wheelbarrows. 

None  of  the  feldspar  quarries  of  Maine  and  Connecticut  has  rail- 
road connection  to  the  quarry,  and  only  one  has  harbor  facilities 
without  a  considerable  wagon  haul.  The  expense  of  loading  and 
unloading  and  the  cost  of  hauling  add  considerably  to  the  cost  of 
the  feldspar  at  the  mill. 

If  the  roadway  from  the  quarry  to  the  bins  and  dump  can  be 
maintained  at  a  slight  incline,  so  that  the  material  can  be  handled 
by  gravity,  a  considerable  saving  can  be  effected;  and  if  in  addition 
to  this  a  diunp-car  system  is  employed,  the  cost  of  hauling  and 
handling  can  be  greatly  reduced.  No  universal  system  can  be  offered 
for  such  operation,  however,  as  no  two  feldspar  properties  have 
sufficiently  similar  surroundings  to  permit  of  a  standard  system. 

QUARBTING  FEXJOSPAK  BELOW  WATER  LEVEL. 

Where  the  deposit  is  below  the  level  of  a  neighboring  stream  or 
body  of  water,  or  so  far  from  the  slope  of  the  hill  as  to  render  a  hori- 
zontal entrance  impracticable,  the  dike  must  be  opened  from  above. 
Fortunately  such  deposits  are  exceedingly  rare,  and  as  yet  few  such 
operations  have  been  attempted.  Most  operations  which  fall  in 
this  class  have  been  opened  above  water  level,  and  when  lower  levels 
were  reached  pumps  have  been  resorted  to  instead  of  cutting  outlets 
at  lower  levels.  When  the  working  level  reaches  a  point  30  feet 
below  the  outlet  and  the  suction  pump  can  no  longer  lift  the  water, 
under  even  the  most  favorable  conditions,  more  expensive  pumps 
are  installed  or  a  relay  system  of  suction  pumps  is  used. 

The  greatest  expense  of  quarrying  below  water  level  consists  in 
lifting  the  quarried  rock  to  the  surface.    The  great  area  being  worked 
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practically  necessitates  conveying  the  material  to  a  central  point, 
from  which  it  is  elevated.  This  extra  handling  adds  to  the  expense. 
The  actual  cost  of  removing  water  or  of  elevating  material  does  not 
render  this  method  of  quarrying  excessively  expensive,  provided  it 
is  conducted  in  an  economical  manner  and  the  deposit  contains  a 
sufficient  quantity  of  marketable  material  to  justify  the  installation 
of  the  necessary  equipment. 

Many  of  the  feldspar  deposits  of  Maine  and  Connecticut  are  iso- 
lated lenses  and  contain  only  a  few  hundred  tons  of  merchantable 
feldspar.  These  are  worked  as  shallow  pits  and  the  water  which 
naturally  drains  into  them  is  removed  by  siphon.  When  the  feldspar 
has  been  removed  the  operator  abandons  the  pit,  which  fills  with 
water  and  adds  another  to  the  hundreds  of  small  lakes  which  dot 
the  country. 

DRAINING  Tme  QUARET. 

Although  the  amount  of  water  to  be  removed  from  the  average 
feldspar  quarry  is  almost  insignificant  compared  with  that  removed 
from  most  metal  mines,  the  removal  of  water  has  been  a  source  of 
great  annoyance  and  excessive  expense  in  many  quarries.  The 
custom  at  many  of  the  smaller  quarries  of  bailing  the  pit  and  hoisting 
the  water  with  the  apparatus  used  for  hoisting  the  feldspar  is  followed 
in  some  of  the  larger  ones,  but  the  amount  of  manual  labor  required 
prohibits  this  method,  except  in  emergency  cases  or  where  the  quarry 
has  been  idle  and,  having  filled  with  water,  must  be  unwatered  before 
quarrying  can  be  resumed. 

METHODS  OF  DBAXNAQE. 

The  method  to  be  selected  in  dewatering  a  mine  is  a  matter  which 
has  received  considerable  attention  from  mining  engineers,  and  a 
brief  survey  of  the  methods  for  removing  water  will  be  of  interest. 

SIPHON. 

The  siphon  is  the  simplest  and  cheapest  system  of  raising  water 
if  conditions  are  such  as  will  permit  of  its  use.  The  pipe  is  ordinary 
service  pipe  with  tight  fittings.  At  the  outlet  end  is  a  valve  which 
is  the  fuU  size  of  the  pipe,  and  above  this  valve  is  an  attachment  for  a 
substantial  hand  pump  or  small  power  pump  for  starting  the  siphon. 
To  avoid  the  labor  of  starting  the  siphon  at  frequent  intervals  it  is 
necessary  to  observe  when  the  water  has  been  almost  entirely  re- 
moved from  the  quarry  and  shut  off  the  valve  at  the  outlet  end  of 
the  pipe,  leaving  the  siphon  full  of  water.  For  convenience  it  is 
also  wise  to  have  a  weU  or  sump  in  the  quarry  and  drain  all  the 
workings  into  it.  A  siphon  is  not  possible  except  where  the  outlet 
end  of  the  pipe  can  be  well  below  the  intake. 
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PUMPS. 


STSAM  PUMP. 


The  steam  suction  pump  is  the  commonest  form  of  pump  used  in 
connection  with  quarrying.  The  custom  of  placing  the  pump  out- 
side the  quarry  in  many  instances  reduces  its  efficiency ^  because  the 
weight  of  the  column  of  water  almost  totally  overcomes  the  suction. 
If  the  pump  is  placed  on  the  quarry  floor  and  the  steam  pipe  is 
properly  covered  to  prevent  radiation,  its  efficiency  should  be  greatly 
increased;  because  it  then  acts  as  a  force  pujnp.  Where  the  floor  of 
the  quarry  is  liable  to  be  flooded  it  may  be  advisable  to  place  the 
pump  on  a  ledge  above  the  floor,  but  as  low  in  the  quarry  as 
practicable. 


CORNISH  PUMP. 


The  Cormsh  rod  pump  is  considered  the  cheapest  means  of  lifting 
water  where  the  quantity  is  sufficient  to  justify  such  an  installation. 
This  system  of  pumping  can  be  worked  at  almost  any  depth,  and, 
although  its  use  is  at  present  confined  chiefly  to  deep  mines,  it  would 
doubtless  prove  satisfactory  where  the  quantity  of  water  to  be  Uf ted 
is  large. 


COMPRESSED-AIR  PUMPS. 


Compressed-air  pumps  have  little  to  recomjnend  them  for  use  in 
quarries  unless  the  drills  are  operated  by  this  power.  If  the  amount 
of  water  does  not  necessitate  continuous  pumping,  it  is  often  prac- 
ticable to  drive  a  pump  by  this  power  when  the  drills  are  not  running. 


ELECTRICALLY  DRIVEN  PUMPS. 


A  pump  driven  by  an  electric  motor  has  the  advantage  of  being 
easily  moved,  and  where  hoists,  trams,  etc.,  are  motor  driven,  the 
employment  of  this  type  of  pump  for  hoisting  water  is  thoroughly 
practical. 

CAUSE  OF  PUMP  TROUBLE,  AND  REMEDY. 

The  cause  of  practically  all  the  trouble  with  pumps  about  quarries 
is  the  clogging  of  the  valve  in  the  suction  end  of  the  pump  by  particles 
of  refuse.  The  remedy  for  this  is  a  strainer  attached  to  the  intake 
pipe.  This  strainer  .should  have  sufficient  openings  to  admit  several 
times  the  amount  of  water  necessary  to  supply  the  pump,  because 
parts  of  the  strainer  may  become  temporaily  do^ed  and  the  resist- 
ance to  the  flow  of  water  is  at  all  times  considerable  when  admitted 
through  such  small  openings.  A  reduced  flow  to  the  pump  naturally 
reduces  its  efficiency. 
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HAULA6K  MBTHODS  IN  QUAEftDBS. 

The  ordinary  practice  of  hauling  the  quarry  products  to  a  central 
point  by  car  or  cart  and  there  transferring  to  an  elevator  which  lifts 
to  the  surface  is  admittedly  an  uneconomical  method  of  handling  and 
is  daily  becoming  more  so  as  the  cost  of  labor  increases.  Economy 
of  handling  requires  that  the  material  be  transported  from  quarry  to 
mill  or  railroad  without  any  transfer  on  the  way  and  wiih  minimum 
attention. 

Any  one  of  many  different  systems  of  haulage  can  be  used,  but 
the  choice  must  depend  on  the  conditions  imder  which  quarrying  is 
carried  on  and  especially  on  the  topography  of  the  coimtry  to  be 
traversed. 

The  first  and  vital  consideration  is  the  extent  of  the  deposit  to 
be  worked  and  the  rapidity  with  which  the  material  is  to  be  handled. 
Any  haidage  system  involves  a  considerable  outlay,  hence  where  the 
deposit  is  small  or  only  a  few  tons  are  to  be  handled  daily,  a  lai^ 
and  expensive  equipment  is  not  advisable. 

Where  the  haul  is  level  and  the  distance  does  not  exceed  1  mile, 
the  use  of  animals  has  proven  as  cheap  a  power  as  any,  but  the  haul 
must  begin  at  the  working  face  of  the  quarry  so  that  transfer  is 
eliminated. 

Where  the  grades  exceed  5  per  cent  and  the  haul  does  not  exceed 
1  mile,  rope  haidage  has  been  foimd  an  extremely  satisfactory  and 
economical  system  for  elevating  the  material,  but  requires  careful 
engineering  in  designing  the  equipment,  especially  where  a  short  rise 
is  followed  by  a  long  drop.  If  there  is  a  continuous  rise  from  quarry 
to  terminus  the  system  is  especially  worthy  of  consideration. 

LOCOMOTIVES. 

Steam  locomotives  are  the  most  economical  of  all  locomotives  as 
regards  fuel,  provided  the  grades  do  not  exceed  3  per  cent,  and  are 
also  the  cheapest  locomotive  to  install  but  are  somewhat  -more 
expensive  than  other  types  as  regards  maintenance  and  depreciation. 

Electric-locomotive  haulage  is  the  most  modem  and  in  many 
respects  the  most  economical  system.  The  power  may  be  developed 
by  a  waterfall  or  otherwise  at  any  convenient  place  and  transmitted 
at  high  voltage  on  small  wires  to  the  property.  Here  it  is  stepped 
down  to  the  working  voltage,  and  where  used  at  250  to  500  volts 
the  efficiency  attained  as  regards  power  consumed  is  shown  to 
exceed  90  per  cent.  One  of  the  advantages  of  the  electric  locomo- 
tive is  that  it  can  be  used  in  small  units — ^that  is,  in  moving  loads 
about  ton  size — and  where  a  heavier  load  is  to  be  handled  two 
locomotives  may  be  worked  in  tandem  and  operated  by  the  same 
engineer.    This  shows  a  big  saving  over  the  use  of  the  lai^e  steam 


QUARRYING  AND  QUARRYING  METHODS.  79 

locomotive  when  handling  small  loads.  The  ordinary  electric  loco- 
motive is  not  eflScient,  however,  on  grades  of  more  than  3  per  cent. 
The  gear-tooth  electric  locomotive  is  especially  worthy  of  considera- 
tion for  steep  grades  and  where  rope  haulage  is  not  practical.  The 
gear-tooth  type  of  locomotive  is  much  lighter  than  the  ordinary 
type  and  the  hatdage  is  dependent  only  on  the  power  of  the  motor. 

ABBIAL  TRAMWAYS. 

Where  the  country  is  extremely  rough  and  tihe  construction  and 
maintenance  of  a  road  would  involve  the  building  of  bridges  or  the 
making  of  wide  detours,  the  use  of  an  aerial  tramway  reconunends 
itself.  The  original  cost  of  installation  is  generally  less  than  with  a 
roadway,  and  if  properly  constructed  the  cost  of  maintenance  is  far 
less.  The  supporting  towers  may  be  100  or  1,000  feet  apart,  as  the 
topography  of  the  country  demands.  The  operation  of  an  aerial 
tramway  on  any  but  a  straight  line  adds  greatly  to  the  expense  and 
wherever  possible  curves  and  angles  should  be  avoided. 

Aerial  tramways  are  of  the  two  systems — single  cable  and  double 
cable.  The  singles-cable  system  necessitates  the  return  of  all  buckets 
over  the  sending  cable,  and  this  feature  causes  much  delay  and  has 
resulted  in  the  almost  universal  installation  of  the  double-rope 
system  where  aerial  haulage  is  used.  The  single-rope  system  consists 
of  a  single  cable,  which  travels  and  to  which  the  buckets  are  attached. 
The  double-rope  system  has  two  fixed  ropes  which  constitute  the 
permanent  way,  and  an  endless  traction  rope  which  draws  the 
buckets  out  on  one  rope  and  returns  them  over  the  other. 

There  are  three  types  of  double-rope  aerial  tramways: 

1.  The  buckets  are  attached  to  the  traction  rope  by  a  clip  and  are 
dragged  along  the  stationary  rope. 

2.  The  bucket  has  a  clip  which  seizes  the  traction  rope  and  remains 
attached  by  friction. 

3.  The  buckets  are  fastened  permanently  at  fixed  distances  to  the 
traction  rope  and  are  filled  by  a  traveling  bin  which  runs  above  and  at 
the  same  rate  as  the  buckets. 

Each  of  the  three  types  has  many  loyal  followers  and  provided  a 
good  quality  of  material  is  used  in  the  construction,  an  aerial  tramway 
should  be  a  very  desirable  and  economical  method  of  handling  feldspar 
in  the  rough  country  where  it  is  oftenest  found. 

PREPARATION  OF  THE  FELDSPAR  FOR  MARKET. 

CBtJSHINO  AND  PTTLVEBIZINO  THE  FELDSPAR. 

The  handling  of  the  feldspar  from  the  time  it  reaches  the  mill  to 
the  time  it  is  delivered  on  board  cars  for  shipment  to  the  consumer 
consists  of  but  two  steps — crushing  and  pulverizing.  The  methods 
employed  to  accomplish  these  two  results  have  changed  from  time 
to  time,  but  the  result  has  not  changed  materially. 
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DRTING  TECE  CRUDE  FELDSPAR. 

When  the  crude  feldspar  reaches  the  mill  it  is  often  wet  from  snow 
or  ice  in  winter  or  from  quarry  moisture  in  the  spring.  The  general 
practice  is  to  dry  the  crude  feldspar  in  a  vertical  kiln  or  on  a  hot  plate. 
Neglect  of  this  point  causes  the  fine  particles  to  pack  and  later  to 
cause  trouble  in  the  pulverizing  process,  but  the  most  valuable 
result  obtained  is  the  elimination  of  fine  dirt  which  sticks  to  the  limips 
of  feldspar  when  wet  but  can  to  a  considerable  degree  be  shaken 
loose  when  dried  and  the  feldspar  handled  with  a  steel  fork. 

Throughout  the  district  investigated  no  attempt  has  been  made 
to  introduce  the  rotary  drier  which  has  proved  so  efficient  in  the  dry- 
ing of  cement.  This  is  explained  by  the  fact  that  it  is  not  necessary 
to  use  a  drier  more  than  about  half  the  year.  The  saving  made 
would,  however,  doubtless  justify  the  installation  of  a  rotary  drier 
as  the  kiln  and  the  dry  plate  are  both  imeconomical  and  necessitate 
extra  handling  of  the  feldspar. 

CRUSHINa  THE  FELDSPAR. 

The  dry  feldspar  is  ready  for  crushing.  The  processes  differ  in 
different  grinding  plants,  but  they  may  be  divided  into  two  daases: 
(a)  Those  in  which  the  crude  feldspar,  after  being  reduced  by  sledge 
to  3  or  4  inches  diameter,  is  fed  directly  under  the  rolls  of  a  buhrstone 
chaser,  and  (h)  those  in  which  the  crude  feldspar  is  fed  into  a  rock 
crusher  which  reduces  the  feldspar  to  a  maximum  of  1  inch  in  diame- 
ter and  then  goes  to  the  buhrstone  chaser  mill,  which  completes 
the  crushing  process. 

ROCK  CRUSHERS. 

Rock  crushers  are  of  two  kinds — jaw  crushers,  which  are  inter- 
mittent machines,  and  gyratory  crushers,  which  are  continuous 
machines. 

The  jaw  crusher  may  be  divided  into  three  classes:  (a)  Those  with 
the  jaw  pivoted  at  the  top,  (6)  those  with  the  jaw  pivoted  in  the  cen- 
ter, (c)  those  with  the  jaw  pivoted  at  the  bottom.  Type  a,  which  is 
pivoted  at  the  top  of  the  jaw  (fig.  15),  is  the  most  conmionly  used 
in  crushing  feldspar.  The  type  I  crusher  has  a  smaller  capacity 
than  a  and  no  advantages.  Type  c  is  objected  to  because  the 
crusher  has  a  tendency  to  choke  at  the  throat  or  outlet,  and  this  mass 
of  small  rock  particles  chew  into  the  jaw  plates  and  add  much  fine 
iron  or  steel  dust  to  the  crushed  product. 

Gyratory  crushers,  hke  jaw  crushers,  may  also  be  classed  in  three 
types  as  regards  the  crushing  motion  of  the  spindle:  (a)  Crushens 
having  the  greatest  movement  at  the  bottom  on  the  smallest  lumps, 
(6)  those  having  an  equal  movement  on  all  sizes  of  lumps,  and  (c) 
those  having  the  greatest  movement  at  the  top  on  the  largest  lumps. 
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The  chief  objection  to  gyratory  crushers  is  the  fact  that  they  all 
have  a  considerable  grinding  action  which  abrades  the  metal  faces 
and  produces  more  pulverized  material  than  where  a  simple 
crushing  action  is  employed.  The  jaw  crushers  also  exert  some 
abrading  action,  however,  and  no  crusher  having  metal  crushing 
faces  is  devoid  of  the  objection  of  producing  material  more  or  less 
contaminated  with  small  particles  of  iron  or  steel.  The  operator 
who  employs  a  crusher  of  either  the  jaw  or  gyratory  type  has  to 
deal  with  the  problem  of  cleaning  his  crushed  material  of  iron  and 
steel  particles.  The  simplest  and  surest  method  of  accomplishing 
this  result  is  to  screen  out  all  the  fine  material,  because  the  metal  is 
invariably  groimd  oflf  the  plates  in  very  small  particles.  The  objec- 
tion to  this  method  is  the  lai^e  amount  of  fine  material  wasted, 
which  in  some  cases 'is  as  much  as  10  per  cent  of  the  rock  cru^ed. 

Apparatus  to  eliminate  iron  and  steel  particles  from  dry  powdered 
rock  have  been  only  fairly  successful  and  have  not  come  into  general 


FiouBS  15.— Jaw  crusher. 

use.  The  most  successful  method  is  to  use  a  system  of  magnets 
and  to  have  the  fine  material  in  the  form  of  a  slime  or  slop.  The 
expense  of  installing  such  an  apparatus  and  of  drying  the  cleaned 
slime  will  add  somewhat  to  the  average  cost  of  crushing  the  feldspar 
but  will  show  a  big  saving  as  against  the  rejection  of  all  the  dust  ma- 
terial from  the  crusher. 

Where  the  jaw  or  gyratory  crusher  has  not  been  introduced  the 
primitive  chaser  mill  is  used  for  crushing  the  crude  feldspar. 

THE   BUHRSTONE   CHASER. 

The  buhrstone  roUs  are  immense  granitic  wheels  5  to  6  feet  in 
diameter  and  12  to  18  inches  in  thickness.  Two  such  wheels  are 
mounted  on  a  horizontal  shaft  and  travel  aroimd  a  vertical  shaft  on 


82       FELDSPARS  OP  NEW  ENGLAND  AND  NORTH  APPALACHI/lN  STATES. 


a  bedplate  of  granite  (fig.  16).  This  apparatus  was  for  years  the 
only  method  of  crushing  feldspar  and  is  to-day  in  many  plants  the 
only  apparatus  employed  for  crushing  the  crude  feldspar  to  a  size 
suitable  for  grinding  in  ball  mills.  The  quality  of  stone  used  for 
these  great  wheels  is  important  because  they  wear  away  quite  rapidly 
imder  the  abrading  action  of  the  feldspar  and  any  black  mica,  tour- 
maline, or  other  impurity  which  they  contain  would  go  directly  into 
the  powdered  feldspar.  Further,  care  must  be  exercised  in  selection 
of  these  roUs  because  many  blocks  contain  soft  spots,  and  these 
would  wear  more  rapidly  than  the  rest  of  the  wheel,  resulting  in  a 
flat  wheel.  When  a  wheel  is  not  perfectly  round  and  needs  to  be 
reground,  which  is  quite  expensive,  the  power  required  to  turn  it 
over  the  coarse  feldspar  becomes  excessive. 

The  mode  of  feeding  a  buhrstone  chaser  is  exAremely  simple  and 
consists  in  throwing  the  lumps  of  feldspar  inside  the  track  of  the 

wheels  and  against  the 
central  vertical  shaft, 
from  which  the  bedplate 
is  sloped  slightly  so  that 
the  feldspar  slides  under 
the  inside  edge  of  the 
wheel  and  is  crushed. 
The  wheels  continue  -to 
pass  over  it  until  it  is 
forced  out  over  the  edge 
of  the  bedplate.  Here  it 
is  collected  and  passed 
over  a  screen,  the  coarse 
material  from  which  goes 
back  xmder  the  rolls  and 
the  fine  matenal  goes  to  the  ball  mills.  The  old  custom  of  crushing 
feldspar  lumps  4  to  6  inches  in  diameter  under  these  rolls  causes 
much  more  rapid  wear  than  if  only  small  lumps  are  crushed,  hence 
the  willingness  of  the  operator  to  risk  iron  contamination  by  intro- 
ducing the  jaw  or  gyratory  crusher  for  preliminary  breaking,  in  order 
to  lengthen  the  life  of  the  rolls,  which  are  expensive  and  short  lived 
at  best. 

If  the  feldspar  has  been  subjected  to  a  preliminary  breaking  before 
going  to  the  chaser,  the  output  of  the  chaser  is  greatly  increased,  but 
the  treatment  necessarily  remains  the  same. 

The  sole  objection  to  both  the  jaw  and  gyratory  crusher  is  the 
contamination  of  the  feldspar  with  iron  particles.  The  introduction 
of  buhrstone  faces  for  the  fixed  and  movable  jaws  should  practically 
eliminate  this  difficulty.  The  buhrstone  plates  must  of  necessity 
be  many  times  tliicker  than  the  steel  plates  which  they  would  replace, 
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but  the  frame  of  the  crusher  could  be  easily  remodeled  to  provide 
for  this. 

Whatever  the  method  of  crushing,  whether  a  combination  of 
breaker  and  chaser,  or  treatment  by  the  chaser  alone,  the  feldspar 
must  be  reduced  to  a  size  which  will  pass  a  10-mesh  sieve  dry  in  order 
to  obtain  an  economical  operation  in  the  pulverizing  mills. 

SIEVING  THE   CRUSHED  FELDSPAR. 

For  separating  the  coarse  feldspar  from  the  part  ready  for  pul- 
verizing, the  revolving  sieve  or  trommel  is  almost  iiniversally 
employed.  The  vibratiog  and  shaker  sieves  are  less  efficient,  owing 
to  the  presence  of  some  flake  mica,  which  wedges  into  the  meshes  of 
the  sieve  and  prevents  the  fine  feldspar  from  passing  through. 
Every  part  of  the  sieve  on  the  revolving  type  is  inverted  with  each 
revolution,  causing  the  mica  particles  to  fall  loose  and  pass  out  with 
the  coarse  material. 

SEPARATING  THE  MICA  FROM  THE  FELDSPAR. 

The  presence  of  the  mica  is  considered  by  most  users  as  highly 
objectionable,  and  this  is  doubtless  true  particularly  when  the  flakes 
are  of  appreciable  size.  It  would  therefore  seem  highly  desirable  to 
remove  the  mica  from  the  coarse  material  from  the  sieve  before 
returning  it  to  the  machine  for  recrushing. 

The  mica  in  this  material  is  chiefly  thin  flakes  which  have  been 
completely  separated  from  the  feldspar  with  which  the  mica  was 
originally  intimately  crystallized.  A  small  amount  will  still  adhere 
to  feldspar  particles,  but  this  material  can  safely  be  returned  to  the 
chaser  and  the  mica  will  probably  be  loosened  in  the  next  crushing. 
The  separation  of  the  mica  from  the  crushed  feldspar  by  an  air  blast 
or  by  flotation  is  perfectly  feasible.  The  particles  of  feldspar  in  the 
crushed  state  approach  cubes  in  form,  whereas  the  mica  is  generally 
reduced  to  flakes,  so  that  the  mica  may  be  carried  by  air  or  water 
much  more  readily  than  the  feldspar  and  a  separation  effected.  If 
no  provision  is  made  for  removing  the  mica  it  will  continue  to  be 
returned  to  the  chaser  and  ultimately  be  pulverized.  The  presence 
of  mica  will  not  only  reduco  the  quality  of  the  feldspar,  but  its  resist- 
ance to  abrasion  will  increase  the  cost  of  pulverizing  the  feldspar. 

PULVERIZING  THE   FELDSPAR. 

The  feldspar,  after  being  crushed  to  a  maximum  size  of  10  mesh,  is 
ready  for  the  pulverizer.  The  pulverizing  may  be  accomplished  by 
either  wet  or  dry  grinding,  although  the  dry  grinding  process  is  now 
exclusively  employed  in  the  United  States. 
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Wet  grinding  or  pulverisdng  has  been  employed  extensively  through- 
out Europe.  The  machinery  used  consists  of  a  broad  shallow  vat 
floored  with  smooth  granite  blocks  and  having  a  central  vertical 
shaft  with  two  horizontal  arms.  To  each  arm  is  attached  a  great 
granite  or  buhrstone  block,  which,  as  the  shaft  revolves,  9x0  dragged 
over  the  bed  of  the  vat  and  crush  the  feldspar  between  them  and  the 
granite  floor  of  the  vat.  In  operation,  the  crushed  feldspar  is  fed  into 
the  vat  with  sufficient  water  to  produce  a  thin  slip  when  the  feldspar 
is  properly  pidverized.  The  traveling  of  the  loaded  arms  around 
the  vat  keeps  the  water  in  motion  and  the  feldspar  goes  into  suspen- 
sion as  soon  as  it  becomes  fine  enough.  This  method  of  grinding  is 
expensive,  but  produces  a  very  fine  grade  of  product.  It  is  still 
employed  in  many  plants  for  the  pulverizing  of  the  materials  to  be 
used  in  glazes. 

Wet  grinding  is  also  done  in  some  plants  in  Europe  by  means  of 
ball  mills.  This  process  does  not  differ  materially  from  dry  grinding 
in  ball  mills,  as  is  described  later.  The  essential  difference  consists 
in  using  water  in  the  charged  xnill,  in  quantity  sufficient  to  float  the 
pulverized  material,  so  that  it  does  not  interfere  with  direct  contact 
between  the  pebbles  and  the  coarse  feldspar.  The  objection  to  wet 
grinding  or  wet  pulverizing  is  the  added  expense  of  drying  the  pulver- 
ized material  before  it  can  be  shipped  any  distance.  In  many  Euro- 
pean plants  feldspar  is  groimd  only  for  private  consumption,  and  in 
this  case  can  be  pulverized  more  economically  than  by  the  dry  process. 
In  some  towns  it  is  groimd  wet  and  sold  locally  in  the  wet  state  known 
as  '^slop,"  but  this  is  impractical  except  where  the  haul  is  very  short. 

Pebble  mills  for  dry  grinding,  as  practiced  in  the  United  States, 
are  of  three  different  types:  (a)  Ball  mills,  (6)  tube  mills,  (c)  conical 
mills. 

BALL  MILLS. 

Ball  mills  are  the  oldest  form  of  this  class  of  grinding  machinery. 
They  are  made  in  all  dimensions  up  to  8  feet  diameter  and  10  feet 
long.  The  construction  of  the  miU  is  as  follows:  The  cylinder  is  of 
heavy  sheet  steel  riveted  to  heavy  heads  of  cast  iron,  into  which 
supporting  shafts  are  shrunk.  The  cylinder  is  lined,  both  circum- 
ference and  heads,  with  blocks  of  silex  or  vitrified  porcelain.  The 
grinding  is  effected  by  means  of  flint  pebbles  2  to  3  inches  in  diameter, 
with  which  the  mill  is  charged.  The  grinding  action  depends  on  the 
speed  of  revolution  and  the  weight  of  the  charge  of  pebbles.  If  the 
charge  of  pebbles  and  material  to  be  ground  fill  only  a  small  part  of  the 
interior  of  the  mill,  and  the  mill  is  run  at  a  low  speed,  the  pebbles  will 
rise  with  the  moving  mill  and  roll  back  to  the  bottom  only  when 
gravity  demands.  If  the  speed  is  increased  they  are  carried  farther  up 
and  instead  of  rolling  back,  drop  to  the  center  of  the  mill.    If  the 
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speed  is  too  great,  the  pebbles  are  held  against  the  circumference  of 
the  miU  by  centrifugal  force  and  do  not  move,  thus  doing  no  grinding. 

If  the  chaise  of  pebbles  and  material  to  be  ground  fill  the  mill's 
interior  above  the  center  there  is  practically  no  action  on  the  material 
except  that  of  abrasion  exerted  by  the  pebbles  sliding  and  rolling 
under  the  weight  of  those  above.  Different  operators  make  very 
different  claims  as  to  what  speed  and  charge  are  most  economical  and 
efficient,  but  it  is  generally  claimed  that  for  feldspar  grinding  the 
conditions  last  described,  in  which  the  action  is  largely  abrasive,  as 
the  mill  is  more  than  half  filled  with  pebbles  and  material,  produces 
the  largest  tonnage  of  pulverized  feldspar  per  horsepower  consumed. 

That  period  required  to  grind  a  given  charge  to  pass  any  given 
sieve  is  determined  by  test,  and  the  data  obtained  is  made  the  basis 


FiouBE  17.— Ball  mill. 

of  operation.  Most  companies,  however,  sample  and  test  the  material 
by  sieves  before  emptying  the  mill,  and  this  practice  is  to  be  strongly 
encouraged,  as  only  in  this  way  can  the  operator  be  certain  of  the 
quality  of  the  output. 

The  mill  (see  fig.  17)  is  charged  and  discharged  through  a  door  in 
the  shell  midway  between  the  heads.  The  operation  is  periodic,  the 
mill  being  stopped,  the  door  opened,  and  the  charge  shoveled  or 
dumped  into  the  mill.  The  charge  being  ground,  the  mill  is  stopped 
only  long  enough  to  exchange  the  tight  door  for  one  full  of  holes  of 
sufficient  size  to  permit  the  powdered  material  to  pass  out,  but  to 
retain  the  grinding  pebbles.  The  mill  is  set  in  motion  and  in  revolving 
empties  itself.  This  method  of  emptying  the  miU  causes  an  enormous 
amount  of  dust  throughout  the  plant  and  would  seem  to  require  that 
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the  mills  be  iaclosed  in  dust-tight  coverings.  No  such  precautions 
are  taken,  however,  and  only  in  a  few  instances  is  any  attempt  made 
to  box  the  mills  in  order  to  prevent  the  escape  of  the  feldspar  dust, 
which  is  the  most  valuable  part  of  the  product.  The  ground  feldspar 
is  generally  shoveled  into  carts  or  wheelbarrows  and  removed  to  the 
stock  bins  or  loaded  directly  into  box  cars  for  shipment. 

TUBE  iinxs. 

Tube  mills  (fig.  18)  are  probably  the  most  economical  and  in  many 
respects  the  most  efficient  machine  available  for  feldspar  pulverizing. 
They  are  long  steel  cylinders  with  heavy  cast-iron  heads,  and  are  of 
two  types — ^namely,  ''axial  supported,"  in  which  the  mill  revolves 
on  two  hollow  steel  trunnions,  and  ''roller  supported,"  in  which  the 
cylinder  is  fitted  with  a  broad  flat  tire  about  its  circumference  near 
one  end  and  a  cog-faced  tire  near  the  other  end.  The  machine  rests 
on  rollers  and  cogwheeb,  which  provide  the  power  for  revolving  the 


FiQVRK  18.— Tube  mill. 

cyhnder.  The  tube  mill  is  Uned,  like  the  ball  mill,  with  silex  or  porce- 
lain blocks,  and  is  charged  with  flint  pebbles.  The  cylinder  is  set  on 
a  sHght  slope,  so  that  the  sand  fed  into  it  at  the  high  end  works  its 
way  down  and  out  at  the  opposite  end,  being  pulverized  on  the  way. 
The  feldspar  is  fed  continuously  to  the  mill  through  an  opening  in  the 
center  of  the  axle,  and  when  it  reaches  the  opposite  end  it  passes  out 
through  the  center  of  the  axle  at  that  end.  In  some  mills  the  outlet 
is  by  small  holes  in  the  periphery  of  the  mill.  The  number  of  revolu- 
tions which  the  material  makes  between  entrance  and  exit  and  hence 
the  fineness  to  which  it  is  ground  depends  upon  the  slope  of  the  mill. 
The  quantity  of  pebble  charge  and  the  rate  at  which  the  material  is  fed 
to  the  mill  are  also  factors  that  require  attention,  especially  in  the 
center  discharge  type.  Too  heavy  feed  forces  the  semiground  material 
forward  and  out  of  the  mill  before  it  is  properly  pulverized,  whereas 
the  larger  the  pebble  charge  the  smaller  the  charge  of  material  that 
can  be  fed  without  causing  it  to  rise  above  the  overflow  at  the  outlet. 
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CONICAL  MILLS. 

The  conical  mill  was  developed  from  the  tube  mill  inasmuch  as  it 
consists  of  a  long  drum  into  which  the  material  to  be  ground  is  intro- 
duced at  one  end  and  is  expelled  at  the  other  end,  being  crushed  in 
the  passage  by  means  of  silex  pebbles.  The  essential  difference  from 
the  tube  mill  is  the  shape  of  the  drum,  which  is  a  single  or  double 
cone.  The  effect  of  this  cone  is  a  classification  of  the  grinding 
pebbles,  the  largest  remaining  in  the  part  of  the  mill  having  the 
greatest  diameter  and  the  smaller  pebble  grading  themselves  toward 
the  outlet  of  least  diameter.  The  material  being  pulverized  also 
tends  to  classify  itself  according  to  size,  not  traveling  to  the  outlet 
end  until  it  has  reached  a  certain  fineness.  These  mills  are  built  in 
a  variety  of  diameters  and  lengths  adapted  to  the  reduction  of  differ- 
ent rock  minerals.  They  are  lined  with  silex  blocks  or  vitrified  porce- 
lain in  the  same  manner  as  are  the  ball  and  tube  mills. 

Conical  mills  have  not  up  to  the  present  time  proved  effective  for 
the  ultimate  pidverization  of  feldspar,  although  they  are  reported  as 
very  economical  and  efficient  in  reducing  the  crushed  rock  to  a  size 
which  enables  the  grinding  period  in  the  ball  or  tube  mill  to  be  reduced 
to  the  minimum. 

BOLTING. 

The  practice  of  bolting  the  ground  feldspar  in  order  to  remove  the 
part  which  has  not  been  sufficiently  pulverized  has  never  been  prac- 
ticed, although  various  attempts  to  introduce  such  a  process  have  been 
made.  The  pulverized  feldspar  appears  to  take  up  a  small  amount  of 
hygroscopic  moisture,  which  causes  it  to  pack  on  any  fine  sieve.  If 
such  a  process  was  introduced  it  would  necessarily  have  to  be  pre- 
ceded by  a  thorough  drying  temperature  well  above  100**  C.  and  the 
dry  powder  passed  through  the  bolting  mill  at  a  temperature  above 
100^  C.  The  maintenance  of  an  equipment  for  such  treatment  is  of 
doubtful  value  in  view  of  the  fact  that  where  used  for  ceramic  manu- 
facture the  pulverized  feldspar  is  mixed  with  other  materials  which 
contain  a  small  content  of  refuse  that  must  be  eliminated  and  the 
mixture  receives  a  treatment  which  removes  any  coarse  particles.  It 
therefore  appears  sufficient  to  make  a  sieve  analysis  of  samples  care- 
fully taken  from  the  pulverized  material  and  thus  determine  the  exact 
degree  of  pulverization. 

WATERING. 

A  common  practice  in  many  plants  is  the  wetting  down  of  the 
pulverized  feldspar,  presumably  to  prevent  loss  of  the  very  fine  part 
of  the  groimd  mineral.  This  practice  is  of  doubtful  value,  as  ground 
feldspar  will  quickly  absorb  from  the  air  enough  moisture  to  prevent 
its  flowing.    The  addition  of  any  water  in  excess  of  this  amount 
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must  be  paid  for  as  feldspar,  and  freight  from  mill  to  user  must  also 
be  paid  on  this  water.  Another  and  important  consideration  where 
feldspar  is  shipped  in  bulk  in  box  cars  is  the  tendency  of  damp  f dd- 
spar  to  absorb  stains  from  the  boards  which  line  the  floor  and  sides 
of  the  cars. 

Bagging  the  feldspar  as  it  comes  from  the  pulverizing  mill  has 
been  f  oimd  a  very  economical  practice  by  some  operators,  as  it  reduces 
handhng  to  the  minimum  if  the  plant  is  not  equipped  to  mechanically 
convey  the  material  to  storage  bins  from  which  it  can  be  loaded  by 
gravity  into  cars  for  shipment.  The  protection  from  contamination 
which  bagging  insiu'es  is  also  worthy  of  consideration. 

Where  the  feldspar  is  loaded  loose  in  the  car  the  practice  of  lining 
the  interior  of  the  car  with  cheap  paper  is  recommended.  If  properly 
done,  this  paper  lining  will  insure  against  loss  through  small  openings 
in  the  floor  and  aroimd  the  doors. 

EFFECT  OF  TIKE  ON  GBINDINa  OF  FBIiDSPA&S. 

The  degree  of  pulverization  has  long  been  known  to  exert  a  pro- 
nounced effect  on  the  value  of  the  feldspar  in  ceramic  mixtures,  but 
no  specific  data  are  available  whereby  a  standard  time  of  grinding 
can  be  chosen,  for  the  reason  that  the  degree  of  pulverization  depends 
upon  a  number  of  factors. 

Chief  among  these  are  the  following:  Speed  (revolutions  per  minute) 
of  the  grinding  cylinder,  weight  of  the  charge  of  pebbles  in  the  cylin- 
der, proportions  of  the  various-sized  pebbles  in  the  cylinder,  weight 
of  the  charge  of  crushed  feldspar  in  the  cylinder,  degree  of  fineness 
to  which  the  crude  feldspar  is  reduced  before  being  introduced  into 
the  cylinder,  condition  of  the  crude  feldspar  as  regards  temperature 
and  moistiu'e  content,  the  physical  properties  of  the  particular 
feldspar  being  ground. 

Any  difference  in  the  conditions  under  which  grinding  is  effected 
woidd  seriously  affect  the  rate  of  pulverization. 

The  user  of  feldspar  is  concerned  only  with  the  d^ree  of  fineness 
to  which  the  material  is  reduced,  and  the  details  of  the  grinding 
process  need  not  interest  him  except  as  they  influence  the  quality 
or  price  of  the  material  obtained. 

The  proportions  of  the  various-sized  particles  obtained  by  a 
standard  system  of  grinding  under  uniform  conditions  and  ground 
for  stated  lengths  of  time  should  be  a  valuable  aid  in  choosing  a 
standard  degree  of  fineness.  The  increased  pulverization  obtained 
by  grinding  for  longer  periods  should  furnish  data  whereby  the  most 
practical  degree  of  pulverization  may  be  obtained  and  beyond  which 
increased  grinding  does  not  produce  a  proportionate  increase  in 
fineness. 
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TESTS    TO    DETEBMINE    EFFECT    OF    TIME    ON    DEGREE    OF    FINENESS. 

To  detennine  these  data  a  series  of  pulverized  feldspar  samples  of 
a  standard  Maine  feldspar  were  obtained.  These  had  been  pulverized 
under  exactly  similar  conditions  for  definite  lengths  of  time  as  follows: 
Sample  of  crude  feldspar  crushed  by  buhrstone  chaser  ready  for  ball 
mill;  foiu*  samples  of  the  same  feldspar  after  grinding  6,  8,  10,  and 
12  hours  in  the  ball  mill,  respectively. 

CLASSIFICATION  METHODS  USED. 

In  order  to  determine  the  percentage  proportions  of  the  different 
sizes  of  grains  contained  in  these  samples,  two  systems  of  classifi- 
cation were  followed:  (a)  Sieve,  (6)  elutriator. 


^""^"^3^"""^-* 
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FiouBE  19.--Schultze  elutrlation  apiMuntus.    Flow,  1.2  c.  c.  per  seoond;  hydraulic  valuer— No.  1  Jar, 

0.068,  No.  2  Jar,  0.03,  No.  3  Jar,  0.0075. 

For  the  sieve  classification  bronze  cloth  sieves,  ranging  in  fineness 
up  to  330  mesh  per  linear  inch  were  used.  For  classification  of  the 
material  passing  330-mesh  sieve  the  Schultze  elutriator  was  employed. 

SCHULTZE  ELUTRIATION  APPARATUS. 

The  Schultze  elutriation  apparatus  consists  of  a  series  of  three  jars 
5,  7.5,  and  15  c.  m.  in  diameter,  respectively,  with  conical  bases  and 
straight  sides.  A  quantity  of  feldspar  is  placed  in  the  smallest  jar, 
into  the  base  of  which  water  under  a  given  head  is  admitted  (fig.  19). 
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The  current  rising  through  the  jar  conveys  all  particles  that  it  can 
support  into  a  tube  connecting  with  the  base  of  the  second  jar.  This 
jar  being  of  greater  cross-sectional  area,  the  water  rises  through  it  at  a 
slower  rate  than  the  water  in  the  first  jar.  Some  of  the  particles 
supported  by  the  current  in  the  first  jar  and  carried  over  to  the 
second  are  too  heavy  for  the  weaker  current  in  the  second  jar  and 
fall  to  the  bottom.  The  overflow  from  the  second  jar  is  conveyed 
by  a  tube  to  the  base  of  the  third  jar,  which  is  of  greater  diameter 
than  the  second  jar.  In  this  jar  the  separation  of  still  smaller  par- 
ticles is  effected  and  material  fine  enough  to  be  supported  by  the 
current  flowing  up  through  the  third  jar  is  conveyed  to  a  fourth  jar, 
where  it  settles.  In  this  way  the  original  sample  is  divided  into  four 
parts  that  differ  in  fineness. 

As  the  particles  removed  by  the  different  jars  of  this  apparatus 
are  determined  by  their  size  and  specific  gravity  and  shape,  and  also 
by  the  rate  of  flow  of  water  in  the  apparatus,  the  various  divisions 
of  particles  are  expressed  in  hydraulic  values. 

The  hydraulic  value  of  a  given  particle  of  any  material  is  the  rate 
of  vertical  flow  of  water,  expressed  in  cubic  centimeters  per  second, 
necessary  to  STistain  that  particle  in  suspension  in  water.  By  r^u- 
lation  of  the  flow  in  the  elutriator,  the  following  classification  was 
obtained  in  the  different  jars.  With  an  overflow  of  80  c.  c.  per 
minute,  No.  1  jar  has  a  hydrauhc  value  of  0.0679;  No.  2  jar,  0.0302; 
and  No.  3,  0.0075.  The  overflow  from  No.  3  jar  furnishes  a  fourth 
classification.  The  size  of  grains  obtainable  with  these  different 
hydraulic  values  was  determined  by  actual  measurement  of  the 
classified  material  by  the  aid  of  the  microscope.  The  classification 
was  all  effected  in  the  wet  way,  and  an  abundance  of  water  was 
employed  to  insure  as  perfect  a  classification  as  possible.  In  order 
to  collect  the  fine  slime  which  overflows  from  the  last  elutriator  jar 
the  water  carrying  it  in  suspension  was  collected  in  a  large  jar  and  to 
this  was  added  about  2  c.  c.  of  concentrated  hydrochloric  add. 
The  slime  precipitates  in  about  an  hour  and  the  excess  water  can  be 
siphoned  off.  The  classifications  were  dried  at  100®  C.  and  weighed, 
after  which  the  microscopic  measurements  were  made. 

RESULTS   OP  TESTS. 

Figure  21  shows  that  the  increased  pulverization  obtained  by  longer 
grinding  under  these  conditions  is  nearly  proportional  to  tiie  time 
of  grinding.  The  choice  of  a  rate  of  flow  for  the  elutriator  was  slightly 
out  of  accord  with  the  other  classifications,  but  this  was  gaged  by 
the  size  of  grains  desired  in  the  different  classes.  It  is  especially 
worthy  of  note  that  the  ratios  between  the  proportion  of  material 
removed  by  each  classifier  was  regular. 

A  similar  investigation  was  conducted  with  samples  of  Connecticut 
feldspar  ground  under  uniform  conditions  for  stated  lengths  of  time, 
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and  although  a  series  large  enough  to  make  the  data  as  comprehensive 
as  in  the  foregoing  investigation  was  not  obtained,  nevertheless  the 
striking  similarity  of  the  results  obtained  and  the  fact  that  this  series 
contains  a  three-hour  sample,  which  is  lacking  in  the  other  series, 
makes  the  presentation  of  the  data  advisable.  The  results  are  shown 
in  figure  22. 

DISCUSSION  OF  RESULTS. 

The  size  of  ball  mill  and  operating  conditions  employed  in  the 
production  of  these  samples  varied  considerably  from  tiiat  of  the 
first  series,  but  the  ratio  between  the  proportions  of  the  different  sized 
grains  did  not  vary  more  than  might  be  expected  in  a  dupUcation  of 
test  on  one  mill. 

The  results  of  the  three-hour  grind  are  especially  interesting 
because  the  percentage  of  the  finest  grains  is  lower  than  would  be 
expected.  The  very  low  values  obtained  from  these  coarse  feldspars 
when  employed  in  ceramic  mixtures  are  thus  accoimted  for,  as  the 
distribution  of  different  sized  particles  throughout  the  mixtures  can 
not  be  sufficient  to  cause  uniform  vitrification  of  the  mass. 

As  an  indication  of  the  influence  of  the  size  of  grain  on  the  tempera- 
ture at  which  a  feldspar  may  be  expected  to  become  active  as  a  flux 
or  solvent  of  other  siUcates,  the  products  of  the  classification  process 
were  made  into  cones  similar  to  the  standard  pyrometric  cones  and 
were  subjected  to  deformation  tests  against  standard  cones.  The 
results  are  shown  graphically  in  figure  23. 

The  cones  of  that  part  coarser  than  0.110  mm.  would  not  hold 
their  form  dining  the  early  stages  of  firing,  crumbling  like  sand  as 
soon  as  the  dextrine  which  was  used  in  forming  them  burned  away. 
Hence  no  data  on  the  coarser  grades  of  feldspar  is  available. 

The  results  obtained  indicate  that  the  finest  part  deforms  at  least 
two  cones  (40°  C.)  earlier  than  the  grains  having  an  average  diameter 
of  0.11  mm.  and  about  one  cone  (20°  C.)  earher  than  the  grains 
haviog  an  average  diameter  of  0.0187  mm. 

This  data  is  the  result  of  tests  made  on  one  feldspar  only,  but  the 
pronounced  variation  in  deformation  temperature  with  variation  of 
size  of  grain  would  indicate  that  a  marked  improvement  in  vitrifying 
power  would  result  from  increased  pulverization  regardless  of  the 
particular  type  of  feldspar. 

HAI9BLING  THE  FELDSPAR  FROM  QUARRY  HFO  CONSUMER. 

The  cost  of  pulverized  feldspar  in  the  United  States  is  materially 
increased  by  the  repeated  handling  of  the  feldspar  before,  during, 
and  after  grinding.  In  some  instances  the  feldspar  is  loaded  onto 
wheelbarrows  and  removed  to  a  clear  space  in  the  quarry,  where  it 
is  unloaded  and  broken  by  sledge  into  pieces  small  enough  for  hand 
sortiag.  After  hand  sorting  the  good  feldspar  is  loaded  on  a  car  or 
wagon  and  hauled  outside  the  quarry.    Here  it  is  unloaded  and 
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stacked  in  bins.  From  these  bins  it  is  loaded  into  wagons,  hauled  to 
the  railroad,  and  loaded  into  cars.  After  transportation  to  the 
grinding  miU  it  must  in  some  instances  be  loaded  into  wagons  and 
hauled  to  the  mill,  where  it  is  stored  in  sheds  or  bins  on  the  ground 
level.  Thus  the  crude  feldspar  is  handled  8  or  10  times  before  it 
begins  the  grinding  process. 

From  the  sheds  or  bins  the  crude  feldspar  is  loaded  on  wheelbar- 
rows, cars,  or  wagons  and  hauled  to  the  crusher,  which  is  of  either  the 
jaw  or  roll  type,  dumped  in  a  heap  before  this  machine,  and  fed 
into  it  by  hand  as  required.  From  the  crusher  it  is  generally  elevated 
by  conveyer  to  hopper  bins  above  the  ball  mills,  which  are  filled  by 
removing  a  gate  in  the  bottom  of  the  hopper.  After  grinding  in  the 
mill  the  pulverised  feldspar  is  discharged  on  the  floor  beneath  the 
mill,  shoveled  into  carts  or  cars,  and  wheeled  to  the  stock  bin,  where 
it  is  stored  imtil  sold.  The  final  handling  consists  in  loading  into 
wagons  and  hauling  to  the  car,  where  it  must  be  xmloaded  and 
shoveled  or  wheeled  in  wheelbarrows  from  the  car  entrance  mto  the 
ends  of  the  car.  Thus  the  feldspar  is  handled  perhaps  seven  times 
more,  making  a  maximum  of  17  handhngs  from  the  time  it  is  shot 
loose  in  the  quarry  until  it  is  deUvered  f.  o.  b.  cars  for  the  consumer. 

In  most  of  the  feldspar  mills  in  this  country  the  total  niunber  of 
handlings  does  not  reach  the  maximum,  but  where  a  saving  is  made 
at  one  point  a  loss  occurs  at  another,  so  that  the  number  of  handlings 
rarely  falls  below  12.  The  installation  of  conveyers  and  tramways 
could  save  much  of  this  handling,  but  the  operator  considers  the  in- 
vestment too  great  to  be  considered  in  most  cases.  Furthermore, 
the  imcertainty  of  the  continuity  of  the  dike  beyond  that  actually 
exposed  makes  operators  overcautious  of  expensive  installations 
which  can  not  be  readily  removed  and  erected  on  other  properties. 

CHEMICAL  ANALYSES  OF  SAMPLES. 

In  the  course  of  this  investigation  a  large  niunber  of  feldspar 
deposits  were  visited  and  samples  collected.  Some  of  these  samples 
were  subsequently  analyzed  and  their  pyrometric  properties  deter- 
mined by  testing  in  a  standard  porcelain  mixture  made  as  previously 
described. 

The  results  of  the  analyses  of  some  of  the  samples  are  given  in  the 
table  following.  In  the  first  column  of  this  table  the  numbers  of  the 
deposits  correspond  with  those  in  Plates  IV  to  VIII  and  in  subse- 
quent descriptions.  Samples  designated  as  A  were  analyzed  in  the 
laboratory  of  the  Bureau  of  Mines  at  Pittsburgh,  Pa.;  those  desig- 
nated as  B  were  analyzed  by  Robert  Back,  under  the  direction  of 
C.  L.  Parsons,  in  the  Washington  laboratory  of  the  bureau;  and  those 
designated  C  were  analyzed  for  the  Bureau  of  Mines  by  D.  J.  Demo- 
rest,  of  Ohio  State  University,  Columbus,  Ohio,  in  the  laboratory  of 
that  university.    The  table  follows. 
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FELDSPAR  QUARRIES,  MINES,  AND  PROSPECTS: 

The  feldspar  deposits  that  were  investigated  during  the  course  of 
this  investigation  are  briefly  described  in  the  pages  following.  Their 
location  is  shown  in  Plates  lY  to  VIII.  The  numbers  used  to  repre- 
sent the  deposits  correspond  to  those  used  in  Tables  1  and  2,  and 
in  the  detailed  descriptions  of  the  deposits. 

Tabus  2. — Location  of  the  feldapar  quarries^  mineSy  and  proswcU^  including  jome 

mica  and  gem  mines,  ahomn  in  Plates  IV  to  VIII. 


Na 


1 
2 

8 
4 

6 

e 

7 
8 
9 

10 
11 

12 
13 

14 
16 

18 
17 

18 

10 
20 
21 

22 
23 
24 
25 

28 
27 
28 
29 
80 
31 
32 

83 

84 

85 

88 
37 
88 

89 

40 
41 

42 
43 
44 

45 
46 
47 

48 

40 
50 
51 
83 


Deposit 


prop- 


Pegmatito  dike. 
John   OUdden 

erty. 

Abandoned  qoarry 

Hull  property 

Noble  prospect 

Smith  prospect 

Alfred  Graves  quarry . 
Maine  feldspar  quarr  y . 
ICafaie  graphic  granite 

quarry. 

Trenton  quarry 

Old    W.    O.    WIULs 

Sianrv. 
Golding  quarry. 
New    W.    G.    Wm 


Fisher  quarry. 


is 
quarry, 
isher  qui 
liaine   Feldspar   Co. 
,     deposit. 

>llt.  Ararat  quarries . . 

ICason  property 


Noble  deposit 

Golding  quarry 

Joseph    B.    Perry 
quarry. 

Pegmatite  dflce 

....do 

....do 

Staple  Point  deposit. . 


Old  Knox  quarry 

Mount  Mica  deposit. . . 

Buckfield  district 

Hoolcer  Ridge  dike. .. . 

No.  4  Hill  quarry 

Hibbs  quarry 

Mount  Rubeilite  de- 
posit. 
Pulsopher  deposit 


Towne  quarry. 


Greenlaw  quarry. 


Maine  quarry 

....do 

Pegmatite  deposit. 


Havey  quarry. 


de- 


Stat^. 


Maine. 
do. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do. 
.do. 

.do, 
.do. 

.do. 
.do. 

.do. 
.do. 

.do. 
.do. 
.do. 

.do. 
.do. 
.do. 
.do. 

.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do. 

.do. 

.do. 

.do. 
.do. 
.do. 

.do. 


do. 
do. 


....do 

....do 

Connecticut. 
....do 


Berrv  quarry.... 
Charles    Sawyer 

posit 
Dow  prcmerty... 
Stevens  ledge. . . 
Curtis  quarry... 
Wiarda  quarry. . 

Old  Wiarda  quarry. .  .1 do. 

Old  Eureka  quangos. do. 

Louis  W.  Howe  quarry' do. 

Andrews  quarry do. 

Eureka  quany do. 

JRIyer  side  quarries. . .! do. 


County. 


Hancock. 
Lincoln.. 


do 

do 

Sandahoc. 

do 

....do 

do 

do 


.do. 

.do. 

.do. 
.do. 

.do. 
.do. 

.do. 
.do. 

.do. 
.do. 
.do. 


Androscoggin. 

do 

Cumberland.. 


Oxford.. 
....do.. 
....do.. 
....do.. 
....do.. 
....do.. 
....do.. 


Androsooggin. 


.do. 

.do. 

.do. 
.do. 
.do. 

.do. 


....do 

Cumberland. 


....do... 
Oxford... 
Hartford. 

do... 

do.... 

....do... 


do. 


Middlesex. 
do.... 

do.... 


Location. 


East  Orland,  in. 

New  Castle,  2  miles  west  of. 

Edgeoomby  in. 

Do. 
Georgetown  Peninsula. 

Do. 
Cathanee,  2  miles  north  oL 
Adioins  quarry  No.  7. 
Cathanoe,  2|  miles  northwest  of. 

Cathanoe,  2  miles  northwest  of. 
Cathanoe,  1  mile  west  of. 

Adjoins  quarry  No.  11. 
South  of  Nos.  11  and  12. 

SonthofNo.il. 
Topsham,  2  m&es  east  of. 

Topsham,  1  mile  north  of. 

RlggsviUe.  near,  on  Oeorgatown 

Peninsula. 


Riggsville, 
Georgetown  Peninsula. 
Phippsbnrg, 


Stqito 


Auburn.  11  mUes  south  of. 

South  of  No.  22. 

East  of  No.  28. 

South  Freeport,  near,  on 

Pofait 

Dixfield,  31  mQes  soothwest  of. 
South  Pars,  5  miles  northeast  of. 
Owb  Head,  north  of. 
South  Paris,  1^  mfles  east  of. 
Hebron,  in. 

Do. 
Paris  Hill  post  office,  north  of. 

Auburn,  about  4  milea  west  of, 
on  west  slope  of  Mount  Apatite. 

Near  and  'southeast  of  deposit 
No.  33. 

Auburn,  3i  mfles  west  of,  on  top 
of  Mount  Apatite. 

Auburn,  3  miles  west  of. 

East  of  quarry  No.  30. 

Auburn,  about  Z\  miles  west  of, 
on  south  slope  of  Mount  Apatite. 

Auburn.  3^  miles  west  of,  south  of 
Mount  Apatite. 

Adjoins  Havey  property. 

AuDum,  4  mfles  west  of,  at  Rom- 
ford Junction. 

West  of  Sawyer  property. 

Norway.  2  mfles  northeast  of. 

South  Glastonbury,  3  mfles  east  of. 

South  Glastonbury,  near. 

South  Glastonbury,  1  mfle  south  oC 

South  Glastonbury,  If  mUes  south 
of. 

South  Glastonbury,  2  miles  south 
of. 

Rodcy  Hill.  4i  miles  southeast  ot 

Portland,  2)  miles  northeast  oC 

Middletown,eastoC 
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Table  2. — Location  of  the  feldspar  quarries^  mines,  and  prospects ^  including  some 
mica  and  gem  mines,  shown  in  Plates  IV  to  F//2— Continued. 
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£6 

57 
58 
59 
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64 
65 
66 

67 
68 
60 
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71 
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75 
76 

77 
78 

79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

91 

92 

93 

94 

96 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

120 

121 


Deposit. 


State. 


Consolidated  quarry...,  Connecticut. 

Bidwell  quarry do 

HaUberg  deposit do 


Middle  Haddam  I do 

quarry.  ! 

Haddam  Neck  quarry.  I do 

Crown  Point  quarry. . . ;  New  York . 

Barrett  quarry do 

Ticonderoga  quarry...  I do 


County. 


Middlesex 

....do.... 

do.... 


.do. 


Corinth  quarry 
Batchellerville  quar- 
ries. 
Herl)ert  Snell  property 


do. 
.do. 

.do. 


Rhodes  quarry do. 

Gifford  prospect do. 

Tyrol  Mountain  do. 

quarrv. 

Bedfora  quarry do. 

Kinkel  quarry I do. 

Hobby  quarry ! do 

Bullock  quarry 

Dariinffton  quarry . . . 
Chester  Heights 

quarry. 

Bunting  quarry do. 

Halsey  quarry do. 

Boothwm  quarry do. 

Brandywine  Sununit  do. 


do 

Pennsylvania. 
— do , 


quarrv. 
Old  Walker  quarry. . 
New  Walker  quarry. 


.do. 
do. 


do... 

Essex 

do... 

do... 

Saratoga. 
do... 


Hamilton. 


.....do. 

do. 

Fulton. 


Westchester. 

do 

.....do 

do 

Delaware. . . 
do 


.do. 
.do. 
.do. 
.do. 


Chester. 
....do.. 


Embreevllle  quarry do. 

Laffer^  quarry do. 

Meredith  quarry do. 

Chatham  quarry do. 

Jenkins  quarry > do 

Carpenter  quarry | do 


Thompson  quarry 

Hicks  quarrv 

Pennsylvania  quarries 

Cooper  quarries 

Brandvwlne  quarry. . . 
New  Brandywine 

fuarry. 
d  Brandywine 
quarry. 
Old  Keystone  quarry . . 
Rock  Spring  quarry... 

Bald  Friar  quarry 

Zepp  quarry 

Warfleld  quarry 

Old  Warfield  quarry . . 

Baker  quarry 

Gifford  quarry 

Peach  quarry 

Cavey  quarry 

Diets  quarry 

Alberton  quarry 

nchester  quarry 

McNichols  quarry 

American  rutUe  quarry 

Prospect  quarry 

Old  Schlegel  quarry. . . 

Pegmatite  dike 

Rutherford  mica  mine. 

|Plnchback  mica  mines. 

Champiaa  mica  mine. . 


rHewletts  mica  mines. 
Garrett  property 

....do 

Ridgeway  mica- mine. 
Blandford  quarry 


do. 
.do. 
.do. 
.do. 
.do. 
do. 

do. 


do.... 

Maryland. 
.....do.... 

do..... 

do 

do..... 

do..... 

do..... 

do..... 

do..... 

do 

do 

do 

Virginia... 

do..... 

do 

do 

do..... 

....do 


.do. 
.do. 

.do. 


do 

do 

do 

....do 

Massachusetts. 


.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 
.do. 

.do. 


do 

CecU 

do 

Howard 

do 

do 

.-..do 

Baltimore 

....do 

Howard 

Baltimore 

Howard 

Baltimore 

Bedford 

Nelson 

Prince  Edward.. 

Amelia 

....do 

....do 


.do. 
.do. 


Hanover. 


Henry 

....do 

....do.... 
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Hampton . 


Location. 


Middletown,  3  miles  east  of. 

Middletown,  2}  miles  south  of. 

Middle  Haddam,  2  miles  southeast 
of. 

Middle  Haddam,  1)  miles  south- 
west of. 

Haddam,  near. 

Crown  Point,  2  miles  southwest  of. 

Ticonderoga,  1]  miles  north  of. 

Ticonderoga,  1  mUe  southeast  of. 

Corinth.  2f  miles  southwest  of. 

Batchellerville,  2  miles  north  of. 

Northville  (Fulton  County),4  miles 

north  of. 
Northville,  3  miles  northeast  of. 
Northville,  1}  miles  west  of 
Cranberry,  2}  miles  west  of. 

Bedford,  1  mile  east  of. 

Near  and  east  of  Bedf(»rd  quarry. 

North  Castle,  in. 

i  mile  west  of  Hobby  quarry. 

Darlington.  1  mile  northeast  of. 

Chester  Heights,  near. 

Chelsea,  near. 

Boothwyn,  1  mDe  northwest  of. 

Boothwyn,  i  mile  west  of. 

Elam,at. 

Mendinhall,  2  mUes  east  of. 
About  300  yards  southwest  of  Old 

Walker  quarry. 
Embreeville,  near. 
New  Garden,  2  miles  southeast  of. 
Pomeroy,  2}  miles  north  of. 
Chatham,  f  mile  northeast  of. 
Toughkenamon,  U  miles  east  of. 
Toughkenamon,  1}  miles  north  of. 
Baker.  \  mile  east  of. 
Avonoale,  2  miles  north  of. 
Baker,  near. 

Avonoale,  U  miles  southeast  of. 
Sylmar,  1  mile  north  of. 
Sylmar,  near. 

Sylmar,  1)  miles  northwest  of. 

Sylmar,  west  of. 

Conowingo,  3^  miles  northeast  of. 

Conowingo.  1$  miles  north  of. 

Marriottsville,  ^  mile  south  of. 

Adjoins  Zepp  quarry. 

Across  creek  from  new  quarry. 

Marriottsville,  i  mile  east  of. 

Granite,  i  mile  south  of.  \ 

Granite,  1  mile  south  of. 

Woodstock,  f  mile  south  of. 

Davis.  ^  mue  east  of. 

Alberton,  ^  mile  south  of. 

Rchester,  near. 

Lowry.  5  miles  south  of. 

Arringion,  8  miles  northwest  of. 

Prospect^  near. 

Jetersviile,  1\  miles  northwest  of. 

Jetersville,  2}  miles  northeast  of. 

Amelia,  2  mues  northeast  of. 

Amelia,  2^  miles  northeast  of. 

Amelia,  3  miles  northeast  of. 

Hewletts,  2  miles  southeast  of. 

Ridgeway,  2  miles  south  of. 
One-half  inile  eckst  of  No.  117. 
One-half  mile  northwest  of  No.  117. 
Ridgeway, }  mile  northwest  of. 
Blandford,  I  mile  north  of. 
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MAINB. 

HANCOCK  COUNTY. 

BAST  OBLANB.      PEGMATITE  DIKES. 

Five  miles  northeast  of  Buckport,  in  the  edge  of  East  Orland 
village,  Hancock  County,  Me.,  are  a  number  of  narrow  p^matite 
dikes  (1).  These  dikes  have  withstood  weathering  better  than  the 
inclosing  rocks  and  as  a  result  protrude  several  feet  above  the  land. 
The  action  of  frost,  however,  has  b^un  to  disintegrate  the  feldspar 
and  quartz  particles  along  the  lines  of  contact,  so  that  low  ridges  of 
bowlders  and  coarse  angular  sand  have  formed,  which  are  covered 
with  rank  growths  of  wild  blackberries.  The  feldspar  content  of  this 
pegmatite  is  a  microcline  with  perthitic  intergrowths  of  albite.  In 
many  places  the  pegmatite  of  these  dikes  contains  tiny  crystals  of 
biotite  so  thoroughly  distributed  throughout  the  mass  as  to  render 
its  elimination  impracticable.  Other  parts  of  the  dike  are  reasonably 
free  from  minerals  other  than  quartz  and  feldspar;  this  feldspar  has 
a  deformation  range  of  1,265''  to  1,280''  C. 

PBOPERTIBS  IN  STANDARD  PORCELAIN  MIXTURE. 

A  standard  porcelain  mixture  of  this  feldspar  vitrifies  at  a  temperature  of  1,290^  C. 
and  shows  a  slight  tendency  to  warp  at  1,330^  0.  When  fired  at  1,330^  it  has  a  total 
shrinkage  of  14.3  per  cent,  a  cream  tint  by  transmitted  light,  and  a  translucency 
of  0.660.  The  color  is  equal  to  that  of  the  standard  trial  and  is  unaltered  both  under 
the  raw-lead  and  the  fritted  glazes. 

LINCOLN  COUNTY. 

NEW  CASTLE.      JOHN   GLIDDEN  PROPERTY. 

The  John  Glidden  property  is  2  miles  west  of  New  Castle  village. 
This  deposit  (2)  is  a  dike  that  varies  in  width  up  to  about  60  feet  and 
is  of  varying  quality  as  regards  the  occurrence  of  biotite  and  garnet. 
The  gamety  however,  is  present  in  such  quantity  as  to  seriously  injure 
the  feldspar  for  pottery  purposes.  The  dike  strikes  northeast,  the 
dip  varies  from  80*^  West  to  75^  East.  The  west  side  of  the  dike  is 
exposed,  forming  the  face  of  a  cliff  30  feet  high,  at  the  base  of  which 
a  small  stream  rims  south  to  tidewater,  a  distance  of  1  mile.  The 
Maine  Central  Railroad  is  1}  miles  south. 

The  developments  consist  of  a  few  surface  prospect  pits  which 
have  been  poorly  placed  and  furnish  little  information  as  to  the  real 
structure  of  the  dike.  There  is  no  overbiu'den  along  an  exposm-e  of 
about  1,200  feet.  The  better  parts  of  the  dike  where  exposed  were 
sampled  and  the  average  has  the  following  chemical  composition. 
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Composition  of  high-grade  feldspar  from  Olidden  property, 

SiOj 64.67 

AI2O3 19. 18 

FcaO, 0.20 

CaO 0.99 

MgO Trace. 

NajO 2.54 

KjO 12.76 

100.34 

The  analysis  indicates  a  fairly  fusible  composition  and  the  color 
when  fused  is  above  criticism  as  is  the  case  with  practicaUy  all  of 
the  Maine  feldspars  when  properly  cleaned  of  their  associated  f erro- 
magnesium  impurities.  This  feldspar  deforms  between  1,270°  and 
1,285®  C,  being  slightly  more  fusible  than  S^er  cone  8,  it  does  not, 
however,  become  distorted  in  the  early  stages  of  fusion  as  might  be 
expected  from  its  calcium  content.    It  fuses  to  an  opaque  white  glass. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

A  standard  mixture  of  this  feldspar  vitrifies  at  1,270^  C.  and  shows  slight  warpage 
at  IjSSO*'  0.  The  color  is  equal  to  that  of  the  standard  trial.  Fired  at  1,330''  the 
product  has  a  total  shrinkage  of  14.6  per  cent,  a  cream-white  tint,  and  a  translucency 
of  0.615.    Under  the  raw-lead  and  fritted  glazes  the  color  is  unaltered. 

EDOEGOMB.      ABANDONED  QUABBT. 

There  is  an  old  abandoned  quarry  (3)  at  Edgecomb,  2\  miles  from 
the  New  Castle  Township  line  and  4^  miles  southeast  of  Wiscasset. 

This  deposit  ^  contains  considerable  impure  pegmatite,  due  to  the 
contamination  of  small  biotite  crystals,  but  also  contains  considerable 
commercial  pegmatite,  which  is  exposed  in  a  well-defined  part  of  the 
dike,  25  to  50  feet  wide,  and  cleared  of  overburden  for  a  distance  of 
100  feet.  The  same  dike  is  exposed  at  various  places  of  tmcertain 
width  for  a  distance  of  about  500  feet  north.  The  dike  is  almost 
vertical.  At  the  time  of  visiting  an  opening  about  25  feet  deep  had 
been  made  for  the  recovery  of  mica  of  the  muscovite  variety,  which 
occurs  throughout  the  dike.  The  pegmatite  contains  small  lenses  of 
massive  white  quartz  and  some  beryl  in  the  parts  rich  in  feldspar. 
The  feldspar  in  the  part  of  this  dike  not  seriously  contanunated  with 
biotite  mica  was  sampled  and  foimd  to  be  of  a  very  good  quality  but 
of  a  rather  soft  type,  its  deformation  range  being  from  1,255°  to  1,260® 
C.  It  fuses  to  an  enamel-like  glass  and  entirely  loses  its  shape  at 
1,270°  C. 

a  For  a  description  of  this  deposit  see  Bustin,  E.  S.,  Eoonomic  geology  of  tbe  feldspar  deposits  of  the 
United  States:  U.  S.  Qeol.  Survey  Boll.  420, 1910,  pp.  27  and  2S. 
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PBOPSBTIBS  IN  THE  BTANDARD  POBCELAIN   MIXTUSE. 

The  Standard  porcelain  mixture  of  this  feldspar  vitrifies  at  1,260^  C.  and  showB 
warping  at  1,290^  C.  Its  color  is  hardly  equal  to  that  of  the  standard  trial.  Fired  at 
1,290^  C.  it  has  a  cream  tint  by  transmitted  light  and  a  translucency  of  0.667,  and  a  total 
shrinkage  of  14.6  per  cent.  The  color  is  unaltered  under  either  raw-lead  or  fritted 
glaze. 

EDOECOMB.   HULL  PROPEBTT. 

The  Hull  property  (4)  is  on  the  east  side  of  Sheepscot  River,  4 
miles  south  of  Wiscasset,  in  the  town  of  Edgecomb.  This  dike  follows 
a  ridge  along  the  east  side  of  the  river,  its  height  vaiying  from  sea 
level  at  high  tide  to  200  feet  above  sea  level.  The  pegmatite  does 
not  seem  to  be  so  clean  at  the  higher  pomts  but  the  material  exposed 
there  may  be  capping.  Pegmatite  of  excellent  quality  is  exposed  at  a 
number  of  places,  but  no  development  work  has  been  done,  and  hence 
no  estimate  of  quantity  or  uniformity  can  be  made. 

Samples  of  the  dean  pegmatite  have  a  deformation  range  of  1,275^ 
to  1,290^  C.  and  fuse  to  a  semi  transparent  mass  free  from  color. 

SAGADAHOC  COUNTY. 
OEOBOETOWN.      NOBLE  AND  SMFTH   PBOSPECTS. 

On  Georgetown  Peninsula,  due  east  of  the  Golding  quarry,  is  a  dike 
of  pegmatite,  which  may  be  traced  over  a  considerable  distance. 
Two  openings  (5  and  6)  have  been  made,  but  no  feldspar  has  been 
shipped.  The  feldspar  exposed  is  microcline  pegmatite  with  a  small 
content  of  impurity,  chiefly  biotite. 

Samples  of  the  feldspar  show  a  deformation  range  of  1,278®  to 
1,290°  C.  and  fuse  to  a  translucent  glass  free  from  tint. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

The  standard  porcelain  mixture  of  this  feldspar  vitrifies  at  1,280^  and  at  1,330^  shows 
no  warpage.  Fired  at  1,330^  C.  it  has  a  total  shrinkage  of  14.3  per  cent,  a  cream  color 
by  transmitted  light,  and  a  translucency  of  0.640.  The  color  is  unaltered  under  the 
raw-lead  and  fritted  glases. 

CATHANCE.      ALFRED  OBAVES   QUABBY. 

The  Alfred  Graves  quarry  (7)  2  miles  north  of  Cathance  station. 
At  the  time  of  inspection  this  property  had  been  opened  by  a  pit 
about  30  feet  wide,  40  feet  long,  and  10  to  15  feet  deep.  A  dike  of 
varying  width  is  exposed  in  places  for  at  least  100  feet  along  the 
strike  northwest  and  southeast  of  the  pit.  The  dike  reaches  a  maxi- 
mum width  of  70  feet  in  some  places,  but  from  surface  indications 
its  quaUty  varies  greatly.  The  overburden  varies  from  one-half  to 
3  feet  in  thickness.  Biotite  occurs  in  considerable  quantity  in^some 
parts  of  the  dike,  but  in  other  parts  is  almost  entirely  absent.    Beryl 
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is  present  locally,  but  not  in  sufficient  quantity  to  constitute  a 
menace.  About  500  tons  of  commercial  pegmatite  has  been  mined 
and  shipped  from  this  property,  which  shows  indications  of  much 
more  feldspar  of  pottery  grade.  The  deposit  lies  nearly  flat,  and  a 
band  of  coarse,  impure  granite,  encountered  at  a  depth  of  10  to  15 
feet,  is  reported  as  continuing  through  to  the  other  side  of  the  sill, 
but  no  prospect  holes  or  other  evidence  is  available  to  substantiate 
this  claim. 

Samples  of  this  feldspar  show  a  deformation  range  of  1,265^  to 
1,280^  C.  and  fuse  to  a  semitransparent  mass  free  from  tint. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  mixture  the  feldspar  produces  vitrification  at  1,280^  C.  and  at 
1,330^  C.  shows  no  warpage.  The  color  is  the  same  as  that  of  the  standard  trial.  Fired 
at  1,330^  C.  the  mixture  has  a  total  shrinkage  of  14.3  per  cent,  is  cream  white  by  trans- 
mitted light,  and  has  a  translucency  of  0.645.  The  color  is  unaltered  tmder  the  raw- 
lead  and  fritted  glazes. 

CATHANCE.      MAINE  FELDSPAB  QUARRY. 

The  Maine  quarry  (8)  b  2  miles  north  of  Cathance  station,  on 
property  adjoining  on  the  south  of  the  Alfred  Graves  property.  This 
deposit  is  probably  a  continuation  of  the  dike  opened  at  the  Graves 
quarry  but  dips  more  than  on  the  Graves  property.  This  dike  varies 
widely  in  its  structure,  and  much  material  high  in  impurity  must  be 
handled  in  the  removal  of  the  merchantable  pegmatite.  The  dike 
dips  imder  a  ridge  and  the  increase  in  thickness  of  overburden  which 
must  be  removed  has  prevented  very  deep  quarrying.  The  pegmatite 
part  of  the  dike  averages  about  12  feet  in  width.  The  feldspar  has  a 
deformation  range  of  1,265^  to  1,280^  C.  and  fuses  to  a  semitransparent 
mass  free  from  tint. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  porcelain  mixture  this  feldspar  produces  vitrification  at  1,280^  and 
no  warping  is  evident  at  l.SdC  0.  Fired  at  1,330^  C,  the  total  shrinkage  is  14.0  per 
cent,  the  color  by  transmitted  light  is  cream  white,  and  the  translucency  is  0.650.  The 
color  is  unaltered  under  the  raw-lead  and  fritted  glazes. 

CATHANCE.   MAINE  GRAPHIC  GBANITE  QUABBT. 

This  deposit  (9)  is  2i  miles  northwest  of  Cathance  and  is  part  of 
the  dike  worked  at  the  large  Trenton  quarry  one-half  mile  north.  At 
the  time  of  visiting  a  face  60  feet  wide  and  60  feet  high;  worked  in  two 
benches,  was  exposed.  The  material  exposed  is  a  good  grade  of 
graphic  granite,  but  contains  both  black  and  white  mica,  and  all  of  it 
has  to  be  cobbed  or  sorted  before  it  is  sent  to  the  mill.  The  quality 
of  the  feldspar  is  practically  the  same  as  that  of  the  potash  feldspar 
being  mined  at  the  Trenton  quarry,  although  the  structure  of  the 

4492<>— Bull.  92—16 8 
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dike  at  this  north  exposture  is  more  irregular  and  requires  more  care- 
ful mining  than  seems  to  have  been  necessary  in  working  the  older 
and  larger  opening. 

A  sample  of  the  feldspar  of  this  dike  had  a  deformation  range  of 
1,265^  to  1,280^  C.  The  fused  product  is  a  semitransparent  mass  free 
from  tint. 

PROPERTIBS  IN  STANDABD  POBCBULIN  MIZTURB. 

A  standard  mixture  of  the  feldspar  vitrifieB  at  1,270^  and  warps  dightly  at  1,330®  G. 
The  total  shrinkage  when  fired  at  1,330®  ia  14  per  cent.  The  color  is  cream  white,  and 
the  translucency  is  0.635.  The  color  is  not  altered  by  the  application  of  either  the 
raw-lead  or  the  fritted  glazes. 

CATHANOE.   TBENTON  QUARBY. 

The  Trenton  quarry  *  (10),  2  miles  northwest  of  Cathance,  is  one 
of  the  oldest  feldspar  operations  in  Maine  and  represents  the  largest 
production  in  the  New  England  States.  The  quarry,  which  is  about 
three-fourths  mile  west  of  the  highway,  consists  of  a  series  of  open 
cuts  ranging  from  15  to  60  feet  in  height  of  face  exposed  and  in  some 
places  is  200  feet  wide.  This  deposit  has  been  worked  out  for  a  dis- 
tance of  200  yards  and  the  indications  are  that  it  continues  for  a  con- 
siderable distance  to  the  north,  which  is  the  direction  of  the  strike  of 
the  dike.  The  deposit  mined  has  consisted  chiefly  of  a  rich  graphic 
granite  and  coarse  pegmatite,  with  numerous  lenses  of  sugar  quartz 
and  pure  feldspar  that  in  some  places  is  potash  feldspar  and  in  other 
places  soda  feldspar.  The  soda  feldspar  is  more  or  less  broken  by 
weathering,  presenting  a  chalky  appearance,  but  the  potash  feldspar 
seems  to  be  still  unweathered. 

Samples  of  the  potash  feldspar  were  tested  and  showed  a  deforma- 
tion range  of  1,265®  to  1,280®  C.  The  color  is  an  excellent  white  and 
the  standard  porcelain  body  in  which  this  material  is  used  shows  a 
shrinkage  of  14.6  per  cent  and  a  translucency  of  0.667. 

The  soda  feldspar  deforms  only  at  a  very  high  temperature,  owing 
to  the  fact  that  the  weathering  has  removed  some  of  the  alkali, 
leaving  a  residue  of  semikaolinized  material.  This  soda  feldspar  has 
never  been  used  by  the  operating  company  as  a  commercial  product, 
but  a  test  of  this  material  in  porcelain  bodies  shows  that  it  has  a 
shrinkage  of  13.4  per  cent  and  a  translucency  of  0.620,  which  indicates 
that  it  would  be  valuable  fluxing  material  for  many  purposes. 

CATHANCB.      OLD   W.  G.  WILLIS   QUARRY. 

The  W.  G.  Willis  quarry  *  (11)  is  1  mile  west  of  Cathance.  This 
property  is  south  of  the  TVenton  quarry  and  is  apparently  a  contin- 
uation of  this  same  dike  or  at  least  consists  of  stringers  from  this 

a  See  Bastin,  E.  S.,  Eoanomic  geology  of  the  feldspar  deposits  of  the  United  States:  U.  S.  Oeol.  Survey 
Boll.  420, 1910,  pp.  38-39. 
»  BastJn,  E.  8.,  Op.  dt.,  pp.  37-3t. 
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dike.  The  mass  is  not  so  iinifonn  as  the  main  dike,  but  contains 
many  large  lenses  of  pure  potash  feldspar,  the  rest  of  it  being  an 
excellent  grade  of  graphic  granite.  The  opening  of  this  quany  is  in 
the  center  of  a  large  flat  plateau,  and  at  the  time  of  the  writer's 
visit  the  quarry  was  flUed  with  water  to  a  considerable  depth,  making 
a  satisfactory  examination  of  this  deposit  impossible.  Tlie  difficulty 
of  operation  has  prevented  this  property  being  worked  recently, 
but  the  feldspar  mined  was  regarded  as  of  excellent  quality  and  was 
all  bought  and  used  by  a  local  company. 

The  results  of  an  analysis  of  a  sample  of  this  feldspar  are  as 
follows : 

Remits  of  analysis  of  potash  feldspar  from  W.  G.  Willis  quarry. 

Per  cent. 

Ignition  loas 0.  33 

SiOj 73.89 

AI3O3 14.  33 

FeA 16 

TiOa 

CaO Trace. 

MgO Trace . 

BaO 

K  jO 9. 2 

NaaO 2. 14 

Total 99. 87 

CATHANCE.      OLD   QOLDING  QUABBT. 

The  old  Golding  quarry  (12)  is  1  mile  west  of  Cathance  station  and 
adjoins  the  old  W.  G.  Willis  quarry  on  the  south.  This  property  was 
worked  in  former  years  when  only  the  pure  feldspar  was  removed, 
and  hence  much  high-grade  graphic  granite  is  left  and  also  many 
small  dikes,  which  were  formerly  considered  too  small  to  justify 
quarrying.  The  structure  and  the  strike  of  the  deposit  indicates 
that  it  is  a  continuation  of  the  dike  worked  at  the  Maine,  Trenton,  and 
W.  G.  Willis  quarries. 

CATHANCE.      NEW   W.  G.  WILLIS   QUABBT. 

The  new  W.  G.  Willis  quarry  (13)  is  located  on  the  same  dike  as  the 
Trenton  quarry,  the  old  Golding  quarry,  and  the  old  W.  G.  Willis 
quarry,  and  is  due  south  from  them.  This  quarry  has  the  advantage 
of  being  near  the  southern  slope  of  the  hill,  and  hence  the  problem 
of  drainage,  which  is  the  great  handicap  in  the  old  W.  G.  Willis 
quarry,  is  not  encountered  here.  The  dike  here,  hke  aU  other 
exposiu'es  on  this  strike,  varies  widely  but  contains  much  piu'e  feldspar 
and  also  much  high-grade  pegmatite  and  graphic  granite.  The 
muscovite,  biotite,  and  beryl  present  in  this  part  of  the  dike  are  all 
so  coarsely  crystalline  that  they  can  be  easily  eliminated  by  rough 
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cobbing  during  mining.  This  quarry  had  not  extended  to  any  con- 
siderable depth  at  the  time  of  inspection,  but  as  the  dike  is  nearly 
vertical  it  will  doubtless  produce  much  high-grade  pottery  feldspar. 
Samples  of  this  feldspar  have  a  deformation  range  of  1,275^  to  1,290^ 
C.  and  fuses  to  a  translucent  mass  free  from  tint. 

PROPERTIES  IN  STANDARD  PORCELAIN  KIXTURP. 

A  standard  mixture  of  this  feldspar  vitrifies  at  1 ,280**  0.  and  warps  slightly  at  1,330®  C. 
Fired  at  1,330®  C,  this  mixture  has  a  total  shrinkage  of  13.8  per  cent,  a  cream-white 
tint,  and  a  translucency  of  0.660.  Under  the  raw-lead  and  fritted  glazes  the  color  of 
the  body  is  unaltered. 

CATHANCE.      OLD  FISHEB  QUARBT. 

The  old  Fisher  feldspar  quarry*  (14)  is  directly  south  of  the 
W.  G.  Willis  quarry.  This  property  has  been  reopened  and  a  con- 
siderable quantity  of  excellent  feldspar  mined.  The  dike  is  similar 
to  others  in  this  district  and  consists  of  a  graphic  granite  of  medium 
to  fine  grain  and  many  lenses  of  pure  feldspar.  Considerable  beryl 
and  muscovite  is  f oimd  in  certain  parts  of  this  dike,  but  biotite  seems 
to  be  present  only  in  small  quantity. 

The  graphic  granite  of  this  deposit  was  sampled  and  analyzed. 
The  results  of  the  analysis  are  as  follows: 

Compontion  of  graphic  granite  from  old  Fisher  quarry. 

Peroeot. 

SiOa : 74  34 

AlaOa 14.45 

FeaO, 16 

CaO Trace. 

MgO Trace. 

NsjO 2.00 

KjO 8.63 

99.56 

The  composition  of  the  feldspar  content  of  the  graphic  granite  was 
as  follows : 

Composition  of  feldspar  content  of  graphic  granite. 

Percent. 

SiOa 65.  07 

AlaOa 19,39 

CaO Trace. 

MgO Trace. 

FcjOa 10 

KjO 12.58 

NaaO 2.52 

99.66 

The  pure  feldspar  has  a  deformation  range  of  1,275**  to  1,290^  C. 
and  fuses  to  a  semitransparent  mass  free  from  tint. 

a  See  BasUn,  E.  S.,  Op.  dt.,  pp.  36-37. 
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PROPEBTTE8  IN   STANDARD  POB€BLAIN  KIXTURE. 

The  ertandard  mixture  of  this  feldspar  vitrifies  at  1,280^  and  warps  slightly  at  1,330^  C. 
The  color  is  equal  to  that  of  the  standard  trial.  Fired  at  1,330°  0.,  the  mass  has  a  total 
Rhrinlragft  of  13.8  per  cent,  a  cream-white  tint,  and  a  translucency  of  0.683.  The  color 
is  unaltered  under  the  raw-lead  and  fritted  glazes. 

TOPSHAM.      MAINE  FELDSPAR  CO.   DEPOSIT. 

The  Maine  feldspar  deposit  (15)  is  2  miles  east  of  Topsham.  This 
property,  which  was  opened  during  the  summer  of  1912,  lies  along  a 
ridge  running  northeast.  The  dike  varies  from  80  to  100  feet  in 
width  and  is  exposed  for  a  distance  of  about  750  feet.  The  deposit 
dips  about  70®  west,  but  is  so  folded  that  the  continuation  of  this 
dip  with  depth  is  uncertain.  The  dike  material  consists  of  a  graphic 
granite  or  pegmatite  of  varying  coarseness  and  contains  numerous 
lenses  of  material  very  rich  in  biotite,  which  is  in  the  form  of  large 
lath-like  crystals,  having  a  maximum  length  of  1^  feet  and  a  width 
of  3  inches.  At  the  time  of  visiting,  the  dike  had  only  been  exposed 
to  a  depth  of  about  10  feet  along  the  south  face,  but  at  the  north  end 
of  the  property  an  exposure  about  30  feet  high  had  been  made  which 
showed  a  reasonably  uniform  grade  of  graphic  granite  of  a  buff  color. 

This  material  was  carefully  sampled  and  was  found  on  testing  to 
be  a  good  average  feldspar,  having  a  deformation  range  of  1,270®  C. 
to  1,285®  C.  Samples  of  the  pure  feldspar  lens  in  this  dike  were 
tested  and  found  to  have  a  deformation  range  of  1,260®  C.  to  1,270® 
C,  which  indicates  that  this  pure  feldspar  is  much  more  fusible  than 
the  graphic  granite  and  should  be  valuable  for  softening  the  other 
material,  which  is  naturally  more  or  less  refractory  owing  to  the 
quartz  content  of  the  graphic  granite. 

PBOPBRTIBS  IN   STANDARD  PORCELAIN  MIXTURE. 

The  graphic  granite,  when  made  into  a  standard  porcelain  body,  shows  a  shrinkage 
of  14  per  cent,  a  cream-white  tint,  and  a  translucency  of  0.635.  The  pure  feldspar, 
when  made  into  a  standard  porcelain  body,  shows  a  shrinkage  of  13.4  per  cent  and 
a  cream  translucency  of  0.707.  Under  the  raw  lead  and  fritted  glazes  the  color  is 
unaltered. 

TOPSHAM.      MOUNT  ARARAT  QUARRIES. 

About  1  mile  north  of  Topsham  village,  on  Mount  Ararat,  are 
numerous  dikes  of  pegmatite,  which  have  been  worked  at  different 
times  for  feldspar.^  None  of  these  dikes  are  laige  but  the  structure 
is  so  folded  that  most  of  the  work  has  consisted  of  removing  the  high- 
grade  pegmatite  exposed  on  the  surface. 

At  the  time  of  visiting  there  was  a  large,  shallow  pit  about  150  feet 
long  and  30  feet  wide  on  the  north  slope  of  the  hill  and  the  deposit 
had  apparently  been  worked  out. 

a  For  a  description  of  these  deposits  see  Bastin,  E.  S.,  Economic  geology  of  the  feldspar  deposits  of  the 
United  States:  U.  8.  Qeol.  Survey  Boll.  420, 1910,  pp.  34-36. 


108    FELDBPABS  OF  NEW  ENGLAND  AND  NORTH  APPALACHIAN  STATES. 

A  quarry  (16)  has  been  opened  on  the  west  slope  of  Mount  Ararat 
and  follows  the  slope  for  a  distance  of  about  50  feet.  The  dike  struo 
ture  here  is  much  folded,  and  many  bands  of  gneiss  are  inclosed  in 
the  deposit,  so  that  only  about  40  per  cent  of  the  dike  material  is 
pegmatite.  This  deposit  produced  only  a  small  amount  of  merchant- 
able feldspar  and  has  been  abandoned  as  a  source  of  high-grade 
material,  being  used  recently  as  a  quarry  for  the  production  of  road 
material,  which  is  crushed  near  the  quarry  and  used  on  the  neighbor- 
ing highways. 

On  the  south  slope  of  the  hill  a  quarry  (17)  about  30  feet  long  by 
20  feet  wide  has  been  opened.  This  deposit  is  a  mixture  of  microcline 
and  albite  pegmatite,  and  contains  very  little  biotite  and  garnet,  which 
is  generally  very  prevalent  in  the  pegmatite  of  this  district.  This 
quarry  has  been  worked  to  a  depth  of  about  20  feet  and  the  walls 
and  floor  indicate  that  good  pegmatite  still  remains  in  this  pit,  although 
the  deposit  is  much  folded.  The  wall  rock,  which  is  a  schist,  does 
not  intrude  into  the  dike  at  this  point.  Very  few  masses  of  pure 
feldspar  are  exposed  but  the  p^matite,  where  not  contaminated  by 
iron-bearing  minerals,  is  of  a  good  pottery  grade. 

This  feldspar  deforms  at  1,260®  C.  to  1,270**  C,  and  fuses  to  an 
enamel-like  semiopaque  pure  white  mass. 

PBOPBRTnSS  IN  STANDARD  POBOBLAIN  ICIXTUBB. 

The  standard  porcelain  ndxture  of  this  feldspar  vitrifies  at  1,270®  C,  and  at 
1,330®  C,  slight  warpage  is  evident.  The  color  is  similar  to  that  of  the  standard  trial. 
After  firing  at  1,330®  G.  the  total  shrinkage  is  13.8  per  cent,  and  the  translucency  is 
0.670  and  the  color  cream  white. 

BATH.      DAUPHIN  PBOPEBTY. 

On  a  hill  one-half  mile  west  of  High  Street,  Bath,  are  two  ledges 
of  pegmatite,  which  are  apparently  of  a  quality  to  produce  com- 
mercial pottery  feldspar.  The  ledges  are  dikes  which  project  about 
25  feet  above  the  ground,  and  on  their  exposed  surfaces  show  a  fair 
grade  of  pegmatite  with  many  small  masses  of  pure  feldspar  of  a 
bu£P  color.  No  prospecting  has  been  done  and  the  surface  material 
is  so  badly  stained  from  the  thin  overburden  of  soil  that  no  reliable 
report  was  possible  on  this  deposit. 

TOPSHAM.      NOTES   PBOPEBTT. 

In  the  west  end  of  the  village  of  Topsham,  on  the  main  street  and 
1  mile  west  of  the  post  office,  is  a  pegmatite  dike.  The  surface  peg- 
matite is  of  good  quality  but  at  the  time  of  visiting  no  development 
had  been  attempted  and  little  could  be  determined  from  the  expo- 
sure, which  was  about  30  by  125  feet  and  about  50  feet  from  the 
highway.  The  feldspar  is  bufif  colored  where  exposed,  and  the  peg- 
matite seems  to  be  very  low  in  quartz  content.    Biotite,  garnets. 
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and  magnetite  are  noted,  but  are  not  abundant  and  are  confined  to 
limited  areas.  Massive  quartz  and  feldspar  are  also  present.  This 
dike  is  in  the  center  of  a  level  area,  and  a  brook  which  runs  along  the 
east  wall  of  the  dike  would  have  to  be  diverted  into  a  new  and  lower 
chaifiiel  or  pumping  resorted  to  if  the  deposit  were  to  be  mined. 

BIGGS VILLE.      MASON  DEPOSIT. 

The  Mason  property  (18)  is  on  Qeorgetown  Peninsula,  near  the 
town  of  Riggsville.  Deposits  of  feldspar  are  exposed  over  a  large 
area  and  as  ledges  above  Back  River,  which  is  tidewater.  The  dikes 
strike  in  aU  directions  from  northeast  to  southeast,  and  the  dip  varies 
from  45**  to  90°.  The  deposits  have  been  developed  only  by  a  few 
poorly  placed  shots,  and  httle  real  information  regarding  the  structure 
of  the  dikes  below  the  surface  is  available.  The  presence  of  con- 
siderable garnet  was  noted,  and  lenses  of  pure  feldspar  at  frequent 
intervals.    These  lenses  were  sampled  and  found  to  be  of  fair  quaUty. 

The  feldspar  present  is  a  microcline  with  minute  intergrowths  of 
albite.  It  has  a  deformation  range  of  1,275°  to  1,290°  C.  and  fuse^ 
to  a  semitransparent  mass  free  from  tint. 

PB0PBBTIB8  IN  STANDARD  POBOBLAIN  KIZTUBB. 

The  standard  mixture  of  this  feldspar  vitrifies  at  1,280^  0.  and  warps  slightly  at 
l^SdO""  C.  The  color  is  equal  to  that  of  the  standard  trial.  Fired  at  l^SSO""  0.  it  has 
a  cream-white  tint,  a  translucency  of  0.643,  and  a  total  shrinkage  of  13.9  per  cent. 
Under  the  raw-lead  and  fritted  glazes  no  change  in  color  occurs. 

RIOGSYILLE.      NOBLE  DEPOSIT. 

The  Noble  deposit  ( 19)  is  on  Georgetown  Peninsula,  due  southeast  of 
the  Mason  deposit,  and  consists  of  at  least  four  stringers,  which  strike 
northwest  to  southeast  across  a  ridge.  The  material  of  the  dikes  is 
of  varying  quality,  but  seems  to  consist  of  a  fair  quaUty  of  feldspar 
in  some  places,  grading  into  a  fine-grained  pegmatite  in  other  pla(^es. 
The  lack  of  any  but  surface  exposures  prevented  a  more  thorough 
investigation  of  this  deposit.  Where  pure  masses  of  feldspar  occur 
it  resembles  the  pure  feldspar  of  the  Mason  deposit  and  has  the  same 
range  of  deformation. 

GEOEGE'rOWN.   GOLDING  QUABBY. 

The  Golding  quarry  (20)  is  on  Georgetown  Peninsula.  The  deposit 
has  been  described  by  Bastin.^ 

At  the  time  the  writer  visited  this  property  the  last  opening  and 
the  one  being  operated  consisted  of  an  open  cut  about  50  feet  wide 
and  directly  below  the  original  opening.  The  new  cut  is  made  from 
the  face  of  the  hill  and  thus  affords  natural  drainage,  obviating  the 

•  Ba8tin,E.  8.,  EcoDomlo  geology  of  tlie  feldspar  depo6iti  of  tlw  United  StotM:  U.  8.  Oeol.  Survey  BulL 
43D,  1910,  pp.  31, 32,  and  33. 
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necessity  of  siphoning,  which  was  required  in  the  old  opening.  A  lens 
of  pure  feldspar  about  20  by  50  feet  in  size  lies  directly  to  the  east  of 
this  cut.  The  greater  part  of  this  lens  had  been  removed  and  utilized 
to  raise  the  feldspar  content  of  the  output  from  the  main  deposit, 
which  consists  chiefly  of  a  pegmatite  or  graphic  granite.  This  graphic 
granite  was  sampled  and  analyzed.  The  results  of  the  analysis  are  as 
follows : 

Composition  of  graphic  gramUefrom  Oolding  quarry. 

Perorat. 

SiOa 74.53 

AI2O3 14  26 

FejO, 16 

CaO Trace. 

MgO Trace. 

NaaO 2.26 

K3O a  55 

99.76 
Combined  H,0 30 

This  deposit  contains  very  Uttle  mica,  either  in  the  form  of  musco- 
vite  or  biotite,  the  chief  impxirity  being  sharply  defined  crystals  of 
black  toiumaline  (schorl),  which  is  separated  by  cobbing  from  the  rest 
of  the  dike  material.  The  product  as  marketed  is  of  good  quahty,  but 
being  graphic  granite  necessarily  contains  some  free  quartz. 

At  this  quarry  the  face  was  mined  in  benches  2^  to  3  feet  wide  and 
5  feet  high.  The  holes  are  made  with  steam  drills  and  loaded  with 
40  per  cent  dynamite,  the  shots  being  fired  at  noon  and  night  af  t^r 
the  workmen  have  left  the  quarry.  The  loosened  material  is  removed 
from  the  quarry  in  tramcars.  which  run  on  a  track  and  are  drawn  by 
horses. 

The  quarry  is  situated  directly  on  tidewater  and  the  feldspar  is 
loaded  into  scows  and  conveyed  to  Bath,  Me.,  and  there  reloaded  for 
shipment  to  the  western  pottery  centers,  or  is  shipped  directly  from 
the  quarry  wharf  by  barge  to  Trenton,  N.  J. 

This  material  begins  to  deform  at  about  1,270°  C.  and  is  completely 
deformed  at  1,285°  C,  but  at  1,290°  shows  no  evidence  of  becoming  a 
fluid  glass.  The  fused  feldspar  is  free  from  tint  and  is  semitrans- 
parent. 

PROPERTIES  IN  THE  STANDARD  PORCELAIN  MIXTURE. 

The  standard  porcelain  mixture  made  with  this  feldspar  \itrifie8  at  1,280^  C,  and  at 
1,330^  C.  shows  no  warpage.  The  color  is  equal  to  that  of  the  standard  trial.  When 
fired  at  1,330^  G.  the  total  shrinkage  is  14  per  cent,  the  color  cream  white,  and  the 
translucency  0.670.    Under  the  raw-lead  and  fritted  glazes  the  color  is  unaltered. 

PHIPPSBURG.      JOSEPH  B.  PERRY  PROPERTY. 

The  Joseph  B.  Perry  property  (21)  is  adjacent  to  and  50  to  80  feet 
above  tidewater  at  Phippsburg  Basin,  town  of  Phippsburg.  This  feld- 
spar deposit  is  a  well-defined  dike,  which  varies  in  width  from  6  to  15 
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feet  and  strikes  northwest  to  southeast.  The  deposit  is  ahnost  vertical 
and  has  been  opened  to  a  depth  of  10  to  20  feet.  The  original  work 
was  done  on  this  property  in  1878  and  about  350  tons  of  feldspar  were 
shipped.  Toward  the  west  end  this  dike  contains  intrusive  lenses  of 
pure  quartz  and  toward  the  east  end  the  pegmatite,  of  which  the  dike 
principally  consists,  is  replaced  by  pure  feldspar  lenses  of  considerable 
size.  Large  crystals  of  muscovite  occur  along  the  wallS|  but  this 
muscovite  is  mostly  of  grinding  quality  only.  The  lenses  of  pure 
feldspar  appear  to  be  of  very  imiform  quality  and  were  sampled;  an 
average  of  the  samples  showing  the  following  chemical  composition: 

CompontUm  of  pure  feldspar  from  Perry  property. 

Percent. 

SiOg 64.90 

AI2O3 19.  75 

FejO, 12 

CaO None. 

MgO Trace. 

Na^O 2.68 

KaO 12.04 

99.49 
Combined  HaO 25 

This  feldspar  deforms  between  1,265**  and  1,280**  C.  and  has  an 
excellent  color.  When  fused  at  1,290**  the  product  is  a  semi  trans- 
parent glass. 

PROPESTIES  IN  STANDARD  PORCELAIN  KIXTURE. 

» 

The  standard  mixture  of  the  feldspar  vitrifies  at  1,270**  C,  and  at  1,330^  C.  shows 
no  warpage.  The  color  is  equal  to  that  of  the  standard  trial.  Fired  at  1,330^  C.  the 
feldspar  is  cream  white,  the  translucency  is  0.637,  and  the  total  shrinkage  is  14.7  per 
cent.    The  color  is  unaltered  under  either  the  raw-lead  or  the  fritted  glaze. 

CTTHBBBLAND  COTJNTY. 

SOUTH   FBEEPORT.      STAPLE   POINT   DEPOSIT. 

There  is  a  feldspar  deposit  (25)  on  Staple  Point,  a  short  peninsula 
on  the  coast  just  west  of  South  Freeport,  Cumberland  County,  Me. 

Dikes  6  to  15  feet  wide  containing  much  pure  feldspar  extend 
along  the  ridge  of  this  peninsula  for  a  distance  of  700  or  800  feet  in  a 
westerly  direction.  The  land  lies  from  30  to  50  feet  above  tide- 
water, but  many  exposures  of  promising  quality  are  noted  below 
tide  level.  Along  the  coast  at  this  point  the  water  is  not  deep 
enough  for  schooners  to  enter,  but  scows  could  be  loaded  directly 
from  the  deposit  or  the  material  could  be  hauled  by  wagon  to  South 
Preeport  and  from  there  shipped  by  rail  to  any  desired  point. 

The  surface  material  consists  of  both  feldspar  and  pegmatite;  no 
openings  have  been  made  of  sufficient  size  to  indicate  the  quality 
of  the  lower  part  of  the  deposit.    There  is  no  overburden  except 
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a  few  inches  of  soil  or  loam,  and  the  deposit  could  easily  be 
thoroughly  tested  by  a  few  well-placed  holes.  If  the  inconvenience 
of  tidewater  operations  can  be  overcome  there  is  every  evidence  that 
this  deposit  should  produce  some  excellent  feldspar. 

The  feldspar  of  this  deposit  was  carefully  sampled  and  tested, 
and  the  results  show  that  the  (Informing  temperature  lies  between 
1,265^  and  1,270°  C. 

PB0PBBTIE8  IN  THE  STANDARD  PORCELAIN   MIXTURE . 

Biade  into  a  atandard  porcelain  body  the  feldspar  shows'a  translucency  of  0.663  and 
haa  a  shrinkage  of  13.4  per  cent.    The  color  when  fused  is  an  excellent  white. 

AUBUBN.   CHABLES  SAWYER  DEPOSrT. 

The  Charles  Sawyer  deposit  (41),  at  Rimiford  Junction,  4  miles 
west  of  Auburn,  is  a  dike  consisting  of  a  number  of  separate  bands 
that  vary  from  2  to  20  feet  in  width  and  differ  widely  in  structure. 
A  highway  lies  between  the  railroad  and  the  exposure,  which  is  on 
the  east  dope  of  a  hill  and  rises  to  a  maximum  height  of  130  feet 
above  the  railroad.  On  the  lower  parts  of  this  slope  a  number  of 
lenses,  showing  a  fair  quality  of  pegmatite  and  numerous  lenses  of 
pure  feldspar,  are  well  exposed.  The  banded  part  of  this  dike  which 
is  exposed  at  higher  levels  has  a  more  granitelike  structure,  and 
where  the  micas  and  garnet  occur  as  impurities  is  too  fine  grained 
to  be  cleaned. 

The  better  parts  of  this  deposit  were  sampled  and  found  to  have 
an  excellent  color  and  a  deformation  range  of  1,270®  to  1,285**  C. 

The  feldspar  fuses  to  a  semitransparent  mass  free  from  tint. 

PBOPERTTES  IN   STANDARD  PORCELAIN  MIXTURE. 

The  Btandard  mixture  of  this  feldspar  vitrifies  at  1,2S0^  0.  and  warps  slightly  at 
1,330^  G.  Its  color  is  equal  to  that  of  the  standard  trial.  Fired  at  1,330"^  0.  the  total 
whrinkage  is  14.1  per  cent,  the  translucency  is  0.667,  and  the  color  by  transmitted 
light  is  cream  white.    The  color  is  not  altered  by  the  raw  lead  and  fritted  glazes. 

AUBURN.      DOW   PROPERTY. 

The  Dow  property  (42)  is  at  Rumford  Jimction,  4  miles  west  of 
Auburn,  on  an  elevation  due  west  of  the  Sawyer  property.  A  dike 
of  pegmatite  of  variable  quality  is  exposed  on  a  ridge  running  north 
and  south.  At  the  time  of  visiting  no  development  work  had  been 
done,  but  numerous  lenses  of  pure  feldspar  are  exposed  and  masses 
of  pegmatite  free  from  impurity  are  numerous  ako.  The  major  part 
of  the  dike,  which  can  be  traced  for  about  300  yards,  is  a  fine-grained 
p^matite  with  much  biotite  and  some  small  garnets  exposed  on  the 
surfaces.    This  property  would  justify  more  thorough  prospecting. 


CHEMICAL  ANALYSES  OF  SAMPLES.  113 

OZFOBD  COT7NTY. 
DIXFIELD.      OLD   KNOX   QUAKBY. 

The  old  Knox  quarry  (26)  is  3  J  miles  southwest  of  Dixfield,  where  a 
large  dike  of  pegmatite  of  varying  quality  outcrops  on  the  southwest 
face  of  a  steep  cliff.  It  has  been  worked  at  various  times  for  mica, 
of  which  only  a  limited  amount  of  marketable  material  has  been 
obtained.  The  exposure  is  from  20  to  40  feet  wide.  Along  the 
abrupt  slope  of  the  hill  occasional  lenses  of  pure  feldspar  may  be 
observed,  but  the  fact  that  biotite  is  distributed  throughout  most 
of  the  exposed  face  indicates  that  this  material  would  require  hand 
sorting  to  make  it  marketable  feldspar.  Also  small  garnets  are 
scattered  through  a  considerable  part  of  the  exposed  face  and  would 
tend  to  reduce  the  commercial  value  of  the  product  somewhat, 
although  they  probably  would  not  cause  it  to  be  rejected. 

Samples  of  the  pegmatite  and  pure  feldspar  were  taken  in  the 
proportions  in  which  they  are  estimated  to  occur  and  these  samples 
were  tested  with  the  following  results:  Deformation  range,  from 
1,270**  to  1,286**  C;  color,  good;  shrinkage  of  standard  porcelain 
body,  14.2  per  cent;  translucency,  0.597. 

SOUTH  PARIS.      MOUNT  BHCA  DEPOSITS. 

There  are  deposits  of  feldspar  (27)  on  the  crest  of  Mount  Mica,  5 
miles  northeast  of  South  Paris.  Mount  Mica  consists  of  a  ridge  with 
one  pronounced  knoll,  which  appears  to  be  the  center  of  an  area  very 
rich  in  gem  materials.  The  dike  has  a  general  east  and  west  trend 
and  dips  shghtly  southwest.  The  structure  of  this  dike  is  exceedingly 
variable  and  does  not  seem  to  be  banded,  but  is  rather  a  mass  of 
associated  lenses  of  widely  varying  composition.  Numerous  lenses 
of  massive  feldspar  are  encoimtered  and  also  many  lenses  of  both 
graphic  and  irregular  pegmatite.  Muscovite  and  black  tourmaline 
are  common,  but  there  is  very  Uttle  garnet  evident.  Lithia  mica 
G^pidolite)  is  scattered  throughout  the  deposit  and  its  presence  is 
considered  to  indicate  a  gem  pocket.  Both  the  pegmatite  and  the 
massive  feldspar  are  of  sufficient  quality  to  justify  their  use  as 
ceramic  materials,  the  distance  from  a  railroad  being  the  chief 
drawback  to  their  use.  Hand  sorting  would  be  necessary  to  insure 
the  elimination  of  the  undesirable  associated  material,  but  would 
undoubtedly  be  profitable. 

Samples  of  the  feldspar  from  this  deposit  show  a  deformation 
temperature  of  1,260°  to  1,265*^  C,  and  10°  more  converts  the 
material  into  a  glass  of  enamel-hke  opacity  but  lacking  the  complete 
fusion  indicated  in  most  high-soda  feldspars. 
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PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  porcelam  mixture  the  product  has  a  shrinkage  of  14.4  per  cent 
and  a  translucency  of  0.647.  The  translucency  is  high  for  a  porcelain  containing  the 
proportion  of  soda  feldspar  which  the  deformation  action  seems  to  indicate. 

OWLS   HEAD.      BUCKFIELD  DISTEICT. 

The  Buckfield  district  (28)  is  north  of  Owls  Head  and  east  of 
Streaked  Mountains.  It  consists  of  a  low  ridge  with  numerous  small 
dikes  of  pegmatite,  all  having  an  east  and  west  trend.  Some  are 
quite  free  from  impurities  and  others  are  so  impure  as  to  be  valueless. 
The  impure  ones,  contain,  however,  practically  every  rare  gem  and 
mineral  found  in  Maine.  The  purer  deposits  of  feldspar  and  p^ma- 
tite  have  not  been  opened  as  prospecting  through  this  district  has 
been  confined  heretofore  to  searches  for  gem  minerals,  and  the  dikes 
containing  pure  feldspar  are  in  most  cases  exposed  only  by  the 
removal  of  the  overburden.  The  feldspar  and  pegmatite  seem  to 
be  uniform  in  quahty  and  in  several  places  extend  continuously  for 
about  100  feet.  The  fact  that  no  openings  had  been  made  in  this 
clean  rock  prevented  a  satisfactory  sample  being  taken  by  the  writer, 
but  the  indications  point  to  the  presence  of  good  commercial  material 
in  this  district. 

SOUTH  PABIS.      HOOKER  RIDOE. 

On  Hooker  RidgCi  1}  miles  east  of  South  Paris,  a  pegmatite  dike 
(29)  is  exposed  on  the  west  slope  of  an  abrupt  hill  and  has  a  general 
strike  north  and  south  which  permits  its  being  easily  quarried.  At 
the  time  of  visiting  the  exposure  was  about  250  feet  long  and  40  feet 
high.  The  bands  adjoining  the  hanging  wall,  which  is  on  the  east, 
are  full  of  biotite  and  can  not  be  sufficiently  refined  for  ceramic 
uses.  The  west  half  of  the  dike,  which  varies  in  thickness  from  10 
to  30  feet,  is  a  mixture  of  massive  feldspar  and  pegmatite  with  the 
impurities  in  isolated  lenses,  which  would  permit  their  removal  by 
hand  cobbing  and  sorting.  The  impurities  in  this  part  of  the  dike 
consist  chiefly  of  black  tourmaline  and  muscovite,  also  numerous 
lenses  of  a  fine  quality  of  rose  quartz  are  encoimtered.  About  25  to 
30  per  cent  of  this  dike  could  be  made  marketable  material. 

The  marketable  material  was  carefully  sampled  and  f oimd  to  have 
a  deformation  range  of  1,275°  to  1,290°  C.  When  fused  it  becomes 
semitransparent  and  is  free  from  tint. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURK. 

In  the  Btandaid  porcelain  mixture  this  feldspar  vitrifies  at  1,280°,  and  at  1,330°  G. 
BttowB  no  warpage.  The  color  is  equal  to  that  of  the  standard  trial.  Pired  at  1 ,330°  C. 
the  total  shrinkage  is  13.8  per  cent,  the  translucency  is  0.657,  and  the  color  cream- 
white. 
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HEBBON.      NO.  4   HILL  QUABBT. 

The  No.  4  Hill  quarry  (30)  is  on  the  south  slope  of  No.  4  Hill  in 
the  town  of  Hebron." 

This  quarry  is  opened  in  a  dike  of  coarsely  crystalline  pegmatite, 
many  masses  of  pure  feldspar  being  exposed  both  on  the  siuface  of 
the  dike  and  on  the  walls  and  floor  of  the  quarry.  The  feldspar 
constituent  of  the  pegmatite  is  chiefly  microcline,  a  small  amoimt  of 
albite  occurring  as  develandite  in  small  pockets  scattered  through 
the  dike.  Biotite  is  almost  entirely  absent,  the  chief  iron-bearing 
mineral  in  the  pegmatite  being  black  tourmaline.  This  mineral  does 
not  occur  in  isolated  masses  as  is  the  case  in  most  dikes  where  it  is 
foimd,  but  is  scattered  as  small  crystals  throughout  the  extent  of 
the  dike  so  far  as  exposed.  Careful  cobbing  will  be  required  to 
eliminate  it  from  the  feldspar.  The  lenses  of  feldspar  free  from 
quartz  are  also  comparatively  free  from  tourmaline,  hence  this  part 
of  the  dike  may  be  made  use  of.  The  proportion  of  the  deposit 
which  would  be  marketable  is  not  great  enough  to  make  quarrying 
very  profitable.  Muscovite  (white  mica)  is  scattered  in  "books" 
through  the  dike,  but  is  ruled,  and  hence  would  not  be  valuable 
except  for  grinding.  Samples  of  the  pure  feldspar  show  a  deforma- 
tion range  of  1,270**  to  1,290°  C.  and  fuse  to  an  almost  transparent 
glass. 

PBOPEBTIES  IN  THE  STANDARD  PORCELAIN  MIXTURE. 

In  the  Btandard  porcelain  mixture  this  feldspar  vitrifies  at  1,280^  0.  and  at  1,330^ 
G.  shows  no  warpage.    The  color  is  equal  to  that  of  the  standard  trial. 

Fired  at  1,330^  G.  the  total  shrinkage  is  14.2  per  cent  and  the  translucency  is  0.647 
and  the  color  cream-white.  The  color  is  not  altered  by  either  raw-lead  or  fritted 
glaze. 

HEBBON.      HIBBS  QUABBT. 

The  Hibbs  quarry  *  (31)  is  1  mile  north  of  Hebron  Academy  in  the 
town  of  Hebron  and  3  miles  west  of  East  Hebron  Station.  This 
deposit  is  situated  in  a  level  tract  in  the  heart  of  an  elevated  area  of 
considerable  extent  and  a  stream  passes  directly  over  the  deposit, 
exposing  it  in  many  places. 

The  dike  is  distinctly  banded,  several  of  the  bands  being  practically 
pure  feldspar  and  others  high-grade  pegmatite.  The  dike  strikes 
almost  north  and  south  and  dips  45^  west.  Along  the  hanging  wall 
large  blocks  of  excellent  muscovite  were  exposed  at  the  surface  or  in 
the  bottom  of  shallow  shot  holes  which  had  been  drilled  there.  A 
width  of  12  to  15  feet  of  this  dike  could  be  profitably  quarried  for 
its  feldspar  and  should  yield  an  excellent  material,  judging  from  the 

a  See  Bastin,  E.  8.,  Economic  geology  of  the  feldspar  deposits  of  the  United  States:  U.  S.  Qeol.  Survey 
Bull.  420, 1910,  pp.  29-30. 
fr  See  Bastin,  E.  8.,  Op.  cit,  pp.  2»-a9. 
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results  of  the  tests  and  analysis.    The  feldspar  had  the  following 
composition: 

CompoiitUm  of  feldspar  from  Hibhs  qyarry. 

Percent. 

SiOa 65.48 

AlaO, 19.39 

FejO, 08 

CaO None. 

MgO Trace. 

NaaO 2.85 

K,0 n.51 

99.31 

The  feldspar  has  a  deformation  range  of  1,260''  to  1,280^  C.  and 
fuses  to  a  semitransparent  glass  free  from  tint. 

PROPBRTIBS  IN  STANDARD  PORCELAIN  MIZTURB. 

A  standard  mixture  of  this  feldspar  vitrifies  at  1,280°  C.  and  warps  slightly  at 
1,330°  0.;  the  color  is  equal  to  that  of  the  standard  trial.  The  total  shrinkage  at 
1,330°  0.  is  15  per  cent,  the  translucency  is  0.880  and  the  color  is  cream-white. 

PARIS  HILL.      MOUNT  BUBELLTTE  DEPOSIT. 

The  Mount  Rubellite  deposit  (32)  is  north  of  Paris  Hill  post  office. 

This  deposit  is  not  extensive  and  resembles  in  many  ways  the 
Mount  Mica  deposit.  The  dike  contains  practically  all  the  minerals 
found  at  Mount  Mica,  the  major  part  of  it  consisting  of  an  irregular 
mass  of  feldspar  and  coarse  pegmatite.  This  was  sampled  and  tested 
and  found  to  have  a  deformation  range  of  1,265®  to  1,280®  C.  In 
the  standard  porcelain  body  the  material  showed  a  shrinkage  of  14.2 
per  cent  and  a  translucency  of  0.675. 

PROPBRTIBS  m  STANDARD  PORCBLAIN  MIXTC7RB. 

This  feldspar  in  the  standard  porcelain  mixture  vitrifies  at  1,280^  and  does  not  warp 
at  1,330''  0.  The  color  is  similar  to  that  of  the  standard  trial.  Fired  at  1,330""  C.  the 
total  shrinkage  is  14  per  cent,  the  translucency  is  0.660,  and  the  color  by  transmitted 
light  is  cream  white.  The  application  of  raw  lead  and  fritted  glazes  does  not  affect 
the  color  of  the  porcelain. 

KOBWAT.      STEVENS  LEDGE. 

Stevens  Ledge  (43)  is  2  miles  northeast  of  Norway,  and  consists 
of  a  dike  exposed  for  a  considerable  distance  across  a  ridge.  Another 
dike,  or  a  stringer  of  the  same  dike,  of  less  width  but  greater  purity, 
adjoins  this  chief  deposit  on  the  west.  The  general  strike  of  both 
dikes  is  northr  and  south  and  the  dip  is  practically  vertical  The 
larger  dike  forms  a  ridge,  owing  to  the  weathering  away  of  the  rock 
in  which  it  is  intruded,  about  15  feet  high.  The  pegmatite  contains 
muscovite  and  biotite  in  small  quantity,  but  disseminated  through- 
out the  mass,  and  also  some  small  garnets.     The  smaller  dike  to  the 
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west  contains  very  coarse  pegmatite  and  massive  feldspar,  and  has 
been  opened  to  a  depth  of  about  10  feet.  Its  chief  impurity  is  black 
tourmaline,  which  is  present  only  in  coarse  aggregate.  A  short  dis- 
tance to  the  west  of  these  two  dikes,  ledges  of  quartz  about  6  feet 
wide  outcrop  on  the  hill  slope,  which  indicates  the  occurrence  of 
other  dikes  striking  at  right  angles  to  the  two  chief  pegmatite  de- 
posits. 

The  feldspar  from  the  smaller  dike  was  sampled  and  analyzed,  the 
composition  being  as  follows: 

Compontion  of  feldspar  from  Stevens  Ledge, 

Pereoit.  * 

SiO, W.97 

AlaO, 19.48 

FejO, 04       . 

CaO None. 

MgO Trace. 

Na^O 2.66 

KaO 1L76 

98.81 
Combined  HjO 126 

This  feldspar  had  a  deformation  range  of  1,270°  to  1,285°  C.  In 
the  standard  porcelain  mixture  it  has  a  shrinkage  of  14  per  cent  and 
a  translucency  of  0.630. 

ANDBOSCOGGIN  COT7NTS'. 
AUBURN.      PEGMATirE  DIKE. 

In  the  Hillcrest  section  of  South  Auburn  a  feldspar  deposit 
(22,  23,  24)  extends  along  a  range  of  hills  1}  miles  south  of  Auburn, 
between  the  old  Danville  road  and  the  Mill  road,  and  outcrops  on  a 
number  of  properties.  The  dike  has  an  irregular  formation  and  has  a 
general  north  and  south  trend,  but  gives  off  many  stringers  at  widely 
different  angles.  Trap-rock  dikes  cut  this  pegmatite  dike  at  many 
points.  The  chief  impurities  associated  with  the  pegmatite  are 
black  tourmaline,  small  garnets,  and  mica.  The  major  part  of  the 
dike  consists  of  a  coarse  pegmatite  which  could  be  rendered  com- 
mercially pure  by  reasonable  care  in  hand  sorting.  No  attempt  has 
been  made  to  develop  this  deposit,  and  the  dike  structure  where  ex- 
posed by  the  few  openings  made  varied  so  widely  that  the  possibiUties 
of  the  deposit  could  not  be  estimated.  The  better  part  of  the  dike 
was  sampled.  The  results  of  the  chemical  analysis  of  this  sample 
are  as  follows. 
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Composition  of  better  grade  offddapar. 

Percent. 

SiOj 67.81 

AlaOj 18.55 

FejO, 08 

CaO ■ 21 

MgO 07 

NajO 4.27 

K3O 9.32 

100.  31 

This  material  has  a  deformation  range  of  1,270°  to  1,285°  C.  and 
has  .an  excellent  color. 

PROPERTIES  IN  THE   STANDARD  PORCELAIN  MIXTURE. 

The  standard  mixture  of  this  feldspar  vitrifies  at  1,280°  C.  and  at  1,330°  C.  shows 
no  warping.  The  color  is  good,  but  hardly  equal  to  that  of  the  standard  trial,  which 
may  be  due  to  the  fact  that  the  samples  were  surface  stained.  Fired  at  1,330°  C. 
the  standard  mixture  has  a  total  shrinkage  of  15  per  cent,  a  translucency  of  0.037, 
and  is  cream-white. 

MOUNT  APATITE.      PULSOPHEB  DEPOSIT. 

The  Fulsopher  deposit  (33)  is  on  the  west  slope  of  Mount  Apatite 
and  about  one-fourth  mile  northwest  of  the  other  workings  on  that 
slope.  The  deposit  consists  of  a  large  lens  of  soda  feldspar,  which 
has  been  worked  exclusively  for  gem  materials.  This  feldspar  has 
never  been  tested  for  ceramic  uses  and  the  extent  of  the  workings 
does  not  indicate  that  the  amount  of  material  here  is  very  great,  but 
the  quality  and  color  are  both  excellent  and  are  characteristic  of  the 
best  soda  feldspar.  An  average  of  the  samples  taken  had  the  follow- 
ing chemical  composition: 

Compontion  0/  soda  feldspar  from  Pulsopher  deposit. 

Percent. 

SiOa 66.36 

AI2O3 2L35 

FejOs 0.12 

CaO L 10 

MgO 0.21 

NaaO 9.74 

KjO 0.73 

99.61 
Combined  HjO 16 

This  feldspar  has  a  deformation  range  of  1,265*^  to  1,270®  C.  and 
at  1,275^  fuses  to  an  opaque  glass. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

This  feldspar  produces  vitrification  at  1,270°  but  the  porcelain  has  a  dull  surface 
and  lacks  the  metallic  ring  characterifitic  of  porcelain  of  the  potash  variety.  The 
color  is  excellent,  but  the  surface  texture  is  so  different  that  it  csm  not  be  compared 
with  the  standard  trial.  The  total  shrinkage  when  fired  at  1,330°  C.  is  12.8  per  cent, 
the  translucency  is  0.570,  and  the  color  is  cream.  Under  the  raw-lead  and  fritted 
glazes  the  color  is  not  altered. 
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MOUNT  APATITE.      TOWNE    QUABBY. 

On  the  west  slope  of  Mount  Apatite  and  100  yards  below  the  high- 
way is  a  dike  (34)  from  which  several  hundred  tons  of  good  pottery 
feldspar  has  been  obtained.  The  dike  has  a  northeast  strike  and  is 
almost  vertical.  It  averages  about  25  feet  wide  and  has  been  opened 
to  a  depth  of  about  20  feet.  The  dike  has  an  extremely  irregular 
structure  and  contains  a  number  of  lenses  of  almost  pure  feldspar 
which  is  a  microcline  with  intergrowths  of  albite.  This  feldspar  has 
a  deformation  range  of  1,270°  to  1,285°  and  fuses  to  a  semitrans- 
parent  glass  free  from  tint. 

PR0PEBTIE8  IK  STANDARD  PORCELAIN  MIXTURB. 

The  standard  mixture  of  this  feldspar  vitrifies  at  1,280°  C.  and  at  1,330°  C.  fihowB  a 
slight  tendency  to  warp.  The  color  is  equal  to  that  of  the  standard  trial.  Fired  at 
1,330°  0.  the  total  shrinkage  is  13.8  per  cent,  the  translucexA^  is  0.640,  and  the  color 
by  transmitted  light  is  a  cream-white.  Under  the  raw-lead  and  fritted  glazes  the  color 
of  the  porcelain  is  unchanged. 

AUBTJBN.      QBBENLAW  QtJABBT. 

The  Greenlaw  Quarry  (35)  was  opened  several  years  ago  on  top  of 
Mount  Apatite,  3  miles  west  of  Auburn. 

The  deposit  consists  of  an  irregular  lens  of  graphic  granite,  of 
moderate  coarseness  and  fair  umformity,  sixxiilar  to  the  other  deposits 
on  Mount  Apatite.  This  property  has  been  worked  at  various  times 
for  gem  material  and  at  present  (1914)  the  feldspar  production  is  of 
secondary  importance,  although  the  operator  finds  no  difficulty  in 
disposing  of  the  quarried  material,  the  output  being  used  at  the  feld- 
spar mill  at  Littlefield  Station,  3^  miles  southwest  of  Auburn 
and  2  miles  south  from  this  deposit. 

This  material  was  sampled  and  f oimd  to  have  a  deformation  range 
between  1,270''  and  1,280*'  C.  Heating  above  1,280''  caused  it  to 
quickly  flow,  which  indicates  that  the  alkali  content  is  largely  soda. 
The  results  of  a  chemical  analysis  of  this  material  were  as  follows: 

Composition  of  graphic  granite  from  Qreenlaw  qaarry. 

Per  cent. 

SiOa 71.66 

AI3O3 18.11 

FeaOa 0,16 

CaO 0.46 

MgO Trace. 

NajO 8.72 

KjO 0.64 

99.64 
Combined  H2O 75 

The  color  of  this  material  is  a  faultless  white. 

4492*>— Bull.  92—16 9 
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PROPBRTIBS  IN  STANDARD  POROEUklN  MIZTURB. 

In  the  standard  mixture  the  feldspar  vltrifiefl  at  1,280^  G.  and  at  1,390®  G.  waipa 
slightly.  The  color  is  a  matt  white  and  when  struck  the  porcelain  has  the  character- 
istic ring  which  is  peculiar  to  soda  feldspar  porcelains. 

Fired  at  1,330°  G.  the  total  shrmki^  is  14.1  per  cent,  the  translucency  is  0.647,  and 
the  oakv  is  cream.  The  color  is  not  altered  by  application  of  either  raw-lead  or  fritted 
glaae. 

AUBURN.      MAINE  QUARRIES. 

There  are  a  series  of  more  or  less  connected  pits  (36,  37)  on  th^ 
orest  of  Mount  Apatite,  3  miles  west  of  Auburn.^  None  of  the  work- 
ings are  deep,  the  maTimiim  depth  being  about  25  feet.  This  is  due  tc 
the  fact  that  the  dike  consists  of  irregular  folded  bands,  the  valuable 
material  being  chiefly  in  pockets  or  lenses  in  very  low-grade  material 
The  dike  or  dikes  on  the  summit  of  Mount  Apatite  were  first  worked 
for  the  gem  minerals  which  are  occasionally  found  associated  with 
pegmatite.  In  the  search  for  gems  many  small  pits  were  opened,  and 
where  merchantable  feldspar  was  encountered  this  was  later  re- 
moved and  if  a  good  grade  of  pegmatite  was  indicated  the  quarrying 
was  continued  until  low-grade  material  was  encountered.  Prospecting 
has  not  been  systematic  and  doubtless  much  valuable  pegmatite  and 
feldspar  still  remain  on  this  tract. 

The  pegmatite  varies  greatly,  consisting  of  pure  lenses  of  feldspar 
and  massive  quartz  in  some  places  and  fine-grained  graphic  granite 
in  others.  All  the  associate  minerals  in  pegmatite  are  encountered 
on  this  property.  Both  muscovite  and  biotite  mica  are  conmion  but 
the  muscovite  generally  is  in  book  form  and  is  seldom  scattered 
throughout  the  pegmatite.  The  biotite  sometimes  occurs  as  lath- 
shaped  crystals  but  is  generally  found  in  limited  areas  and  can  be 
eliminated  if  care  is  exercised  in  sorting  the  quarried  material. 
Garnets  and  black  tourmaline  are  found  in  limited  areas  but  are  not 
abimdant  in  the  pegmatite  rich  in  feldspar.  Beryl  is  found  in  the 
feldspar  lenses  but  generally  has  a  pronoimced  blue  color  and  can  be 
easily  detected  and  removed.  Apatite  and  gem  tourmaline  occur  in 
pockets  of  albite  and  are  scattered  throughout  the  dikes. 

The  feldspar  constituent  of  these  dikes  is  a  buff  to  cream  microcline 
with  intergrowths  of  albite.  Bastin  ^  gives  the  results  of  an  analysis 
by  the  United  States  Geological  Survey  as  follows: 

•  For  a  descrfptlan  of  tbese  deposits  see  Bastin,  E.  S.,  EooDomlc  geology  of  tbo  feldspar  deposits  of  tlw 
United  States:  U.  S.  Gooi.  Smrey  BnU.  430, 1910,  pp.  M-35, 
»  Bastin,  E.  8.,  Op.  dt,  p.  M. 
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Composition  of  feldspar  from  Maine  quarry. 

Peroent. 

HaO 0.48 

SiO, 65. 73 

AljO, »19.28 

CaO 22 

MgO 00 

KjO 10.26 

Na,0 4.08 

100.05 

This  feldspar  has  a  defonnation  range  of  1,265^  C.  to  1,280^  C,  and 
fuses  to  a  semitransparent  mass  of  excellent  color. 

PROPERTXEB  IN  STANDARD  PORCELAIN  MIXTURE. 

A  standard  mixture  of  this  feldspar  vitrifies  at  1,280**  C,  and  at  1,330^  C.  shows 
slight  warping.  Its  color  is  equal  to  that  of  the  standard  trial.  Fired  at  1,330^  0. 
the  total  shrinkage  is  13.8  per  cent*  and  the  translucency  is  0.650,  the  color  being 
cream  white.    The  raw-lead  and  fritted  glazes  do  not  alter  the  color  of  the  porcelain. 

AUBUBN.      PEGMATirE  DEPOSET. 

There  is  a  feldspar  deposit  ^  (38)  on  the  south  slope  of  Mount  Apa- 
tite, 3^  miles  west  of  Auburn,  which  consists  of  an  irregular  lens  of 
considerable  extent  and  a  number  of  stringers.  The  material  is 
chiefly  coarse  pegmatite  with  a  varying  content  of  impurities,  which 
are  garnet,  tourmaline,  muscovite,  biotite,  and  beryl.  A  great  many 
other  gem  minerals  have  been  found  in  this  immediate  neighborhood 
and  this  dike  or  lens  has  been  worked  irregularly  in  the  hope  of  locat- 
ing a  pocket  of  valuable  minerals.  The  pegmatite  constituting  the 
main  part  of  the  mass  can  be  cleaned  by  hand  sorting  and  a  consider- 
able amount  of  high  grade  material  obtained  for  ceramic  use.  The 
exposed  parts  were  sampled.  This  material  was  found  to  have  a 
deformation  temperature  of  1,270°  C.  to  1,285°  C.  and  an  excellent 
color. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  mixture  the  feldspar  vitrifies  at  1,280^  C.  and  at  1,330^  C.  no  warp- 
ing is  noted.  The  color  is  equal  to  that  of  the  standard  trial.  Fired  at  1,330^  C. 
the  total  shrinkage  is  14  per  cent,  the  translucency  is  0.670,  and  the  color  by  trans- 
mitted light  is  cream  white. 

AUBUBN.   HAVEY  QUABBY. 

The  Havey  feldspar  quarry  (39),  about  3 J  miles  west  of  Auburn, 
has  been  opened  only  a  few  years,  and  adjoins  the  Berry  quarry, 
being  on  the  same  dike.    The  material  appears  the  same,  but  the 

a  Includes  tnoe  of  iron  and  any  TiOiand  Pi0t  Utat  may  be  present. 
h  Bastin,  S.  8.^  op.  elt.,  pp.  36-26. 
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structure  of  the  dike  is  even  more  lenticular  than  the  Berry  opera- 
tions indicate.  The  soda  feldspar  present  is  almost  entirely  deve- 
landite  and  the  quarrying  is  necessarily  carried  on  with  special  care 
on  account  of  the  possible  presence  of  gem  material  in  all  parts  of  the 
quarry.  The  remarkable  running  out  of  the  pegmatite  at  a  depth  of 
about  20  feet,  which  was  observed  in  both  quarries,  is  apparently 
due  to  an  abrupt  folding  of  the  dike,  which  above  the  fold  seems  to  be 
almost  vertical  but  below  it  is  very  irregular  wherever  exposed. 

The  feldspar  deforms  at  1,270°  C.  to  1,285*"  C,  and  fuses  to  a 
semitransparent  mass  free  from  tint. 

PBOPERTIES  IN  STANDARD  PORCELAIN   MIXTURE. 

This  feldspar  produces  vitrification  at  1,280^  C,  and  at  1,330°  C.  no  warping  is  appar- 
ent. The  color  is  similar  to  that  of  the  standard  trial.  Fired  at  1,330°  G.  the  total 
shrinkage  is  14.2  per  cent  and  the  translucency  is  0.665.  The  color  is  not  affected  by 
applying  either  the  raw-lead  or  fritted  glaze.     • 

AUBURN.      BERRY  QUARRY. 

The  Berry  feldspar  quarry  (40)  is  located  on  the  southwest  bank 
of  the  Little  Androscoggin  River,  1  mile  southwest  of  Mount  Apatite 
and  3  J  miles  west  of  Aubxim. 

The  deposit  '^  consists  of  an  exposed  lens  in  a  dike  trending  north 
and  south  and  containing  a  number  of  large  lenses  of  excellent  feld- 
spar and  numerous  smaller  lenses  of  gem-bearing  material.  This 
property  has  been  worked  for  both  feldspar  and  gem  minerals  and 
has  been  very  productive.  Owmg  to  the  sudden  change  from  peg- 
matite to  impure  granitelike  material,  mining  has  only  been  carried 
to  a  depth  of  about  20  feet.  In  the  vicinity  of  the  gem-bearing 
deposits  are  lenses  of  the  soda  feldspar  develandite,  with  which  are 
associated  lenses  of  massive  albite.  This  material  has  a  compara- 
tively high  deformation  temperature,  but  has  the  short  deformation 
characteristic  of  soda  feldspar.  The  quantity  of  this  material,  how- 
ever, is  too  uncertain  to  justify  extensive  investigations.  The  potash 
feldspar,  however,  which  constitutes  the  major  part  of  this  deposit, 
is  of  a  very  uniform  quality.  It  has  a  deformation  temperature  of 
1,270**  to  1,286°  C.  and  an  excellent  color. 

MASSACHUSETTS. 

HAMPTON  COUNTY. 
RUSSELL.      BLANDFORD  QUARRY. 

The  Blandford  quarry  (121)  is  one-half  mile  north  of  Blandford  and 
4  miles  from  the  railroad  at  Russell,  Mass.,  in  a  dike  exposed  along 
a  ridge  running  northwest  and  southeast.    The  dike  is  composed  of 

a  For  a  description  of  this  deposit  see  Bastin,  £.  S.,  Economic  geology  of  the  feldspar  deposits  of  tlie 
United  States:  BuU.  420,  U.  S.  Qeol.  Survey,  1010,  pp.  2(^27. 
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several  bands  of  pegmatite,  varying  widely  in  their  feldspar  content. 
Some  of  the  bands  are  12  to  15  feet  wide  in  places  and  have  a  con- 
siderable content  of  massive  feldspar;  the  deposit  also  contains 
much  massive  white  sugar  quartz.  The  property  has  been  opened 
both  on  the  hilltop  and  along  the  face.  In  one  place  an  opening 
about  60  feet  long  and  20  feet  wide  has  been  made,  and  along  the 
walls  of  the  dike  considerable  muscovite  of  good  quality  has  been 
removed.  At  the  south  end  of  this  opening  the  feldspar  is  about  10 
feet  wide;  whereas  at  the  north  end  the  sugar  quartz  has  almost 
completely  replaced  the  feldspar.  Pure  feldspar,  however,  is  ob- 
served in  smaller  openings  to  the  north  of  this  main  opening,  and  it 
would  be  assumed  that  the  quartz  rapidly  pinches  out  beyond  the 
limits  of  the  main  workings.  The  feldspar  appears  to  be  of  excellent 
quality. 

The  deposit  was  somewhat  covered  by  refuse  from  abandoned 
workings  several  years  old,  but  samples  were  obtained  by  using  care. 
Tests  of  the  samples  indicate  that  the  range  of  deformation  lies 
between  1,270°  and  1,285°  C.  The  feldspar  is  slightly  more  creamy 
than  the  Maine  feldspar,  but  nevert<heless  is  of  excellent  quality. 
In  the  standard  porcelain  body  it  has  a  shrinkage  of  15  per  cent  and 
a  translucency  of  0.633. 

CONNECTICUT, 

HABTFOBD  COUNTY. 

SOUTH  GLASTONBURY.      CUBTIS  QUABRY. 

The  Curtis  quarry  (44)  is  located  in  a  deposit**  3  miles  east  of 
South  Glastonbury.  Two  openings  have  been  made,  and  in  each  of 
them  the  deposit  strikes  northeast  and  has  vertical  walls.  The 
larger  of  these  openings,  which  extends  the  fuU  width  of  the  dike,  is 
about  30  feet  wide  and  300  feet  long;  the  smaller  one  is  about  150 
feet  long  and  12  feet  wide.  The  maximimi  depth  of  the  workings 
is  about  25  feet  and  the  quality  seems  to  be  continuous,  at  least  to 
this  depth.  The  dike  is  composed  of  fine-grained  pegmatite  that 
contains  cream-colored  feldspar.  No  masses  of  pure  feldspar  larger 
than  a  few  inches  in  diameter  were  noted.  Considerable  muscovite 
is  scattered  through  the  deposit,  but  it  is  practically  all  of  small  size 
and  the  quality  seriously  injm*ed  by  ruling.  Garnet  occurs  at  a 
number  of  places  in  the  deposit,  but  is  not  present  over  large  areas 
and  hence  is  not  a  serious  detriment. 

The  extent  of  the  deposit  could  not  be  definitely  determined  owing 
to  the  operations  being  confined  to  this  property,  but  tests  made  on 

0  For  a  description  of  this  deposit  see  Bastin,  E.  S.,  Economic  geology  of  the  feldspar  deposits  of  the 
United  States:  Bull.  420,  U.  S.  Geol.  Survey,  1910,  p.  42. 


124    FELDSPARS  OP  NEW  ENGLAND  AND  NOBTH  APPALACHIAN  STATES. 

property  adjoining  on  the  east  indicates  that  the  dike  continues  with 
reasonable  uniformity  in  that  direction  for  a  considerable  distance. 

The  p^matite  in  this  deposit  was  tested  and  found  to  have  a 
deformation  range  of  1,280°  to  1,296°  C,  and  to  be  notably  affected 
by  the  high  quartz  content.  In  the  standard  porcelain  mixture  the 
shrinkage  was  13  per  cent  and  the  translucency  0.663.  This  trans- 
lucency  is  remarkably  high  for  the  shrinkage  properties  displayed. 

SOUTH  OLASTONBUBT.      WIABDA  QUABBY. 

The  Wiarda  quarry  (45)  is  located  in  a  feldspar  deposit  <*  on  a 
'  north  and  south  ridge  on  the  outskirts  of  South  Glastonbury.  Sev- 
eral irregular  dikes  are  exposed,  but  little  actual  development  work 
has  been  done  to  indicate  the  continuity  of  any  particular  dike  or  to 
ascertain  the  width  of  the  bands  rich  in  feldspar.  A  good  quality  of 
feldspar  and  graphic  granite  have  been  obtained  from  this  property 
and  2,000  tons  were  reported  as  being  quarried  in  1911.  The  over- 
burden is  very  light.  The  deposit  does  not  differ  materially  from 
that  of  the  Howe  quarry,  of  which  it  is  undoubtedly  a  continuation. 

Muscovite  and  biotite  are  observed  in  some  of  the  openings,  but 
little  merchantable  mica  of  the  white  variety  is  noted.  The  feldspar 
is  of  a  creamy  color  and  has  a  deformation  range  of  1,275**  C.  to  1,290^  C. 
It  fuses  to  a  semitransparent  mass  with  a  faint  blue  cast. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTtTRB. 

Thestandard  porcelain  mixture  of  thb  feldspar  vitrifies  at  1,290^  C,  and  at  1,330^  C. 
No  warpage  is  noted.  The  color  is  slightly  inferior  to  that  of  the  standard  trial. 
Fired  at  1,330^  C.  the  total  shrinkage  is  14.4  per  cent,  the  translucency  is  0.643,  and 
the  color  by  transmitted  light  is  cream  white.  The  color  is  not  affected  by  either 
the  raw-lead  or  the  fritted  glaze. 

SOUTH  OLASTONBUBT.      OLD  WL4BDA  QTJABRT. 

The  old  Wiarda  quarry  *  (46)  is  1  mile  south  of  South  Glaston- 
bury and  one-eighth  mile  east  of  the  highway.  The  quarry,  which 
has  been  abandoned,  worked  a  deposit  consistmg  of  several  small 
dikes  or  stringers,  evidently  of  the  same  dike  that  furnishes  the  peg- 
matite farther  south.  This  dike  is  a  mixture  of  fine^ained  pegma- 
tite and  graphic  granite.  The  feldspar  is  chiefly  microdine  of  a 
light-buff  color  mixed  with  a  small  amount  of  albite.  This  feldspar 
when  free  from  quartz  has  a  deformation  range  of  1,270^  C.  to  1,285®  C. 
and  fuses  to  a  semitransparent  glass  of  good  color. 

a  For  a  description  of  this  deposit  see  Bastln,  E.  S.,  Economic  geology  of  the  feldspar  deposits  of  the 
United  States:  BuU.  420,  U.  S.  Qeol.  Sunrey,  1010,  pp.  44^. 
b  Bastin,  E.  S.,  Loc.  clt. 
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PBOPSBXIBS  IK  8IANDARD  PORCELAIN  mZTURB. 

In  the  standaid  porcelain  mixtuie  this  feldspar  vitrifies  at  1,280**  C.  and  warps 
slightly  at  1,330^  0.  The  color  is  seen  to  be  a  light  gray  when  compared  to  the  stand- 
ard trial.  Fired  at  1,330^  C.  the  total  shrinkage  is  14.2  per  cent,  the  translucency  is 
0.640,  and  the  color  by  transmitted  light  is  cream.  The  gray  color  is  intensified  imder 
the  raw-lead  and  also  under  the  fritted  glaze. 

SOUTH  OLASTONBX7BT.      OLD  EUREKA  QUABBIES. 

Located  just  north  of  the  Howe  quarry  are  the  old  Eureka  quar- 
ries (47),  two  quarries  which  appear  to  contain  much  commercial 
feldspar,  but  which  have  not  been  operated  for  several  years.  The 
dike  structure  is  a  medium  coarse  p^matite  containing  small  lenses 
of  pure  feldspar.  Iron-bearing  minerals  show  in  the  exposed  faces 
only  in  small  amount.  Samples  of  the  feldspar  show  a  deformation 
range  of  1,270®  C.  to  1,286®  C.  and  fuse  to  a  semitransparent  glass  of 
good  color. 

PROPEBTIBS  IN  STANDARD  PORCELAIN  MXZTURB. 

In  the  standard  mixture  this  feldspar  vitrifies  at  1,280^  C.  and  warps  sUghtly  at 
1,330^  C.  The  color  is  only  slightly  inferior  to  that  of  the  standard  trial.  Fired  at 
1,330^  C.  the  total  shrinkage  is  14.2  per  cent,  the  translucency  is  0.645,  and  the  color 
is  cream  by  transmitted  light.  Under  the  raw-lead  and  fritted  glazes  the  color  is 
unaltered. 

SOUTH  OLASTONBUBT.      LOUIS  W.   HOWE  QUABRY. 

The  Louis  W.  Howe  quarry  (48),  which  is  the  largest  operation  in 
Connecticut,  is  2  miles  south  of  South  Glastonbury  and  3  miles  east 
of  Rocky  Hill. 

The  deposit^  consists  of  an  enormous  dike,  which  at  the  time  of 
visiting  had  been  opened  for  a  distance  of  650  feet  and  an  average 
width  of  about  100  feet  to  a  depth  of  70  feet,  showing  a  good  quality 
of  pegmatite  the  entire  depth.  The  structure  is  a  coarse  pegmatite, 
which  in  some  places  grades  into  graphic  granite.  Mica  is  not  present 
in  large  quantity,  but  small  crystals  of  muscovite  occur  throughout 
the  greater  part  of  the  deposit,  and  biotite  shows  over  limited  areas 
at  a  few  places  in  the  part  exposed.  Gramet  is  in  such  small  quan- 
tity and  so  well  crystallized  that  its  removal  by  hand  sorting  is 
practicable.  A  few  places  contain  tourmaline  of  the  black  variety^ 
which  also  is  easily  separated  in  the  hand  sorting. 

The  dike  is  considerably  wider  than  the  opening  indicates,  but 
the  eastern  part  is  much  more  impure  and  is  not  considered  of  com- 
mercial quality,  hence  it  has  not  been  disturbed.  The  workings 
had  been  carried  vertically  to  a  depth  of  about  70  feet  and  formed  a 
pit,  from  which  it  was  necessary  to  hoist  the  material  by  a  bucket 

a  For  a  description  of  this  deposit  see  Bastin,  E.  S.,  Economle  geology  of  the  fBldspar  deposits  of  the 
United  States:  Bull.  420,  U.  S.  QeoL  Survey,  1010,  pp.  4&-46. 
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system,  the  water  which  drains  into  the  quarry  being  removed  by 
pumping.  The  formation  has  been  worked  in  benches  10  feet  high 
and  3^  feet  wide.  Cars  of  1^  tons  capacity  and  running  on  steel 
tracks  oonveyed  the  material  from  the  face  of  the  workings  to  the 
point  where  it  was  lifted  to  the  surface  by  buckets.  The  material, 
after  being  hoisted  to  the  surface,  was  hand  sorted  according  to 
quality,  and  the  accepted  material  conveyed  by  wagon  to  the  mill 
at  South  Glastonbury. 

The  intimate  mixture  of  feldspar  and  quartz  in  this  dike  precludes 
the  production  of  a  feldspar  free  from  quartz,  but  by  selection  the 
quartz  content  can  be  maintained  at  as  low  a  percentage  as  is  now 
practicable  in  the  Maine  quarries. 

The  feldspar  of  this  deposit  has  the  following  composition: 

CompotitUm  offeldBpcarfrom  Louis  W.  Howe  qtuaty, 

Pttoent. 

HjO 0.00 

SiO, 65.64 

AlaOa 19.10 

FejOa 14 

CaO Tmce. 

MgO Tmce. 

NftaO 2.32 

KaO 12.58 

99.78 

This  feldspar  has  a  deformation  range  of  1,275"*  C.  to  1,290"*  C. 
It  fuses  to  a  semitranslucent  mass  with  a  faint  blue  tint. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  mixture  this  feldspar  vitrifies  at  1,290^  C.  and  at  1,330°  C.  shows 
no  signs  of  warpage.  The  color  is  slightly  inferior  to  that  of  the  standard  trial.  Fired 
at  1,330°  C,  the  standard  mixture  shows  a  total  shrinkage  of  14  per  cent  and  has  a 
cream- white  color  by  transmitted  light  and  a  translucency  of  0.647.  This  feldspar 
should  be  equal  to  the  Maine  feldspar  for  all  ceramic  purposes  if  equal  care  were  ex- 
ercised in  the  selection. 

MIDDLSSBX  COUNTY. 
BOGEY   HILL.      ANDREWS  QUARBT. 

The  Andrews  quarry  <»  (49)  is  located  in  Portland  Township,  4i  miles 
southeast  of  Rocky  Hill.  This  dike  forms  a  ridge  with  a  general 
north  and  south  trend  and  has  been  opened  to  a  depth  of  about  50 
feet  and  a  length  of  about  150  feet.  The  deposit  consists  of  a  graphic 
granite  and  fine-grained  pegmatite  mixture  which  has  a  very  \miform 
quartz  content  and  a  cream-colored  feldspar  content.  Muscovite  is 
reasonably  abimdant,  but  rarely  in  lai^e  crystals,  and  woxild  have 

a  For  a  description  of  this  deposit  see  Bastin,  E.  S.,  Economic  geology  of  the  feldspar  deposits  of  the 
United  Stetes:  Bull.  420,  U.  8.  Geol.  Survey,  1910,  pp.  SO-51. 
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little  commercial  importance  aside  from  mica  for  grinding.  Small 
crystals  of  black  tourmaline  and  garnet  are  also  scattered  through  the 
deposit,  and  would  require  removal  by  hand  sorting  where  very 
abundant. 

An  analysis  of  the  material  in  this  deposit  is  given  by  Bastin,^  as 
follows  : 

ComponHon  of  graphic  granite  from  Andrews  quarry. 

Per  cent. 

SiO, 7L00 

AI3O, 16.31 

l%0 00 

OaO 22 

NftaO , 3.44 

KjO 8.66 

HjO 12 

99.75 

The  material  from  this  deposit,  free  from  other  than  quartz  im- 
purity, was  sampled  and  foimd  to  have  a  deformation  range  of 
1,270^  to  1,285^  C.  It  fuses  to  a  semitransparent  glass  with  a  faint 
blue  tint. 

FROPESmSS  m  standard  PORCELAm  MIZTURS. 

In  the  standard  mixture  this  feldspar  vitrifies  at  1^280^  C,  and  at  1,330°  0 .  no  ^warp- 
ing  is  evident.  Its  color  is  similar  to  that  of  the  standard  trial,  but  shows  a  faint 
gray  tint.  Fired  at  1,330°  C,  the  total  shrinkage  is  13.4  per  cent,  the  translucency  is 
0.673,  and  the  color  a  cream  white.  The  raw-lead  glaze  and  the  fritted  glaze  darken 
the  porcelain  slightly. 

POBTLAND.   EUREKA  QUABBT. 

The  Eureka  quarry  *  (50)  is  located  2i  miles  northeast  of  Portland 
on  the  west  slope  of  Collins  Hill.  "  At  the  time  of  visiting  the  opening 
was  about  185  feet  long  and  65  feet  wide.  The  deposit  consists  of  a 
capping  of  impiu*e  schist  5  to  15  feet  thick  imderlaid  by  pegmatite 
consisting  of  cream  to  white  feldspar  and  gray  and  white  quartz, 
with  small  lenses  of  albite  at  a  number  of  places.  Narrow  bands  or 
stringers  of  material  similar  to  that  of  the  main  dike  occur  on  both 
sides  of  it.  Where  exposed  the  dike  seems  to  be  about  12  to  20  feet 
wide  and  the  west  dike  or  stringer  seems  to  be  exceptionally  high  in 
soda  feldspar.  This  property  had  been  opened  to  a  depth  of  30  feet 
in  the  main  cut  and  a  smaller  dike  to  the  west  had  been  opened  on  a 
level  about  30  feet  below  the  main  cut. 

The  pegmatite  contains  only  a  moderate  quantity  of  muscovite 
which  is  seldom  of  a  commercial  quality.  Biotite  and  garnet  are 
present  only  in  a  few  parts  of  the  dike  and  could  be  eliminated  with 

a  Bastin,  E.  S.,  Op.  cit.,  p.  14. 

b  For  a  description  of  this  deposit  see  Bastin,  E.  S.,  Op.  cit.,  pp.  51^2. 
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little  difficulty.  Black  tourmaline  is  scattered  throughout  the  dike 
but  is  coarsely  crystaliiae  and  does  not  present  any  great  difficulty  in 
sorting  it  from  the  marketable  material.  This  deposit  should  not 
be  worked  for  pure  feldspar,  but  by  careful  selection  the  quartz 
content  can  be  maintained  sufficiently  low  to  make  a  high-grade 
pottery  feldspar.  The  potash  feldspar  present  is  a  microcline  and 
is  intimately  intergrown  with  albite.  A  sample  of  this  material  was 
cleaned  of  its  free  quartz  content  and  an  analysis  made,  showing 
the  following  composition: 

Composition  of  feldspar  from  Eureka  quarry. 

Per  cent. 

LoflB  on  ignition 0. 25 

SiOj 65.24 

AlA 19. 74 

FojOs 12 

CaO 00 

MgO 00 

NajO 3.04 

KaO U.84 

100.23 

This  feldspar  has  a  deformation  range  of  1,270^  C.  to  1,285°  C. 
It  fuses  to  a  semitransparent  glass  with  a  faint  blue  tint.  The  soda 
feldspar  associated  in  lenses  with  the  above  microcline  shows  a  defor- 
mation range  of  1,255°  C.  to  1,265°  C.  Its  color  when  fused  is  an 
excellent  enamel  white. 

PROFERTIBB  IN  STANDARD  PORCELAIN  lOXTURE. 

In  the  standard  mixture  the  potash  feldspar  vitrifies  at  1,280^  0.  and  does  not 
warp  at  1,330°  C.  The  color  is  slightly  below  that  of  the  standard  trial.  Fired  at 
1,330°  C.  the  total  shrinkage  is  14  per  cent,  the  translucency  is  0.653,  and  the  color 
cream  white.  The  color  of  the  porcelain  is  unaltered  under  the  fritted  glaze  but 
under  the  raw-lead  glaze  is  slightly  darker. 

The  soda  feldspar  in  the  standard  i)orcelain  mixture  vitrifies  at  1,260^  C.  and  at 
l,330°O.  shows  slight  warpage.  The  color  is  a  matt  white.  Fired  at  1,330°  G.  the  total 
shrinkage  is  13.2  per  cent  and  the  translucency  is  0.043.  The  color  is  not  altered 
under  the  raw-lead  and  the  fritted  glazes. 

MIDDLETOWN.      RIYEBSIDE  QUARRIES. 

One-fourth  mile  west  of  the  Consolidated  quarry  and  near  the 
Connecticut  River  are  two  dikes  (51,  52)  of  coarse  pegmatite  contain- 
ing much  massive  sugar  quartz  from  which  the  hill  has  received  the 
name  of  White  Rock  Ridges.  The  extent  of  the  dikes  has  never 
been  determined,  but  there  are  numerous  exposures  over  a  con- 
siderable area.  The  general  strike  of  the  dike  is  nearly  due  north 
and  south.  The  dike  farthest  west  is  a  mixture  of  graphic  granite 
and  coarse  buff  pegmatite.    A  small  amount  of  garnet  and  biotite 
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are  the  chief  impurities.  Thb  dike  has  been  worked  on  a  limited 
scale  at  a  number  of  points  and  shows  fair  uniformity  wherever 
opened. 

The  east  dike  is  a  widely  varying  mixture  of  potash  feldspar  peg- 
matite and  soda  feldspar  pegmatite.  It  is  much  smaller  in  extent 
than  the  west  dike  and  shows  a  structure  similar  to  the  gem  bearing 
dikes  of  Maine.  Much  clevelandite  is  scattered  through  this  dike, 
and  black,  pink,  and  green  tourmaline  are  noted,  although  the  tour- 
malines are  all  opaque  and  not  of  the  gem  quality.  The  albite  parts 
of  the  deposits  are  of  doubtful  value,  but  the  potash  feldspar  pegma- 
tite, which  is  similar  in  both  dikes,  shows  a  good  color  and  has  a 
deformation  range  of  1,275**  to  1,290**  C. 

PROPBRTIEB  IN  STANDARD  PORCELAIN  MIXTURE. 

Thifi  feldspar,  in  the  standard  porcelain  mixturei  gives  a  vitrious  product  at 
1,290^  C .  and  shows  no  warpage  at  1 ,330^  G .  The  color  is  equal  to  that  of  the  standard 
trial.  At  1,330^  0.  the  translucency  is  0.680  and  the  total  shrinkage  is  13.9  per  cent. 
The  color  is  unaltered  under  either  the  raw-lead  or  the  fritted  g^e. 

MIDDLETOWN.      GONSOLSDATED  QUAREY. 

The  Consolidated  Feldspar  quarry**  (53)  is  located  3  miles  east  of 
Mddletown,  Conn.,  at  an  elevation  of  nearly  600  feet  above  the  Con- 
necticut Eiver.  The  dike  has  been  opened  along  a  northeast  face, 
showing  a  width  of  about  50  feet.  The  composition  of  the  dike  is 
decidedly  variable.  In  many  places  it  is  remarkably  free  from 
impurity  and  shows  considerable  masses  of  pure  buff  feldspar  of 
the  potash  variety;  in  others  it  is  veiy  fine-grained  pegmatite  with 
much  mica  and  small  garnets.  The  gradation  is  so  pronoimced, 
however,  that  no  difficulty  in  sorting  would  be  experienced. 

The  feldspar  content  of  this  dike  was  sampled  and  shows  by  chem- 
ical analysis  the  following  composition: 

ComposUion  of  feldspar  from  Caruolicbited  Feldspar  quarry, 

Tet  cent. 

SiOj 66.03 

AlaO, 18.99 

Fe^Oa 0.08 

CaO None. 

MgO None. 

Na,0 3.12 

K3O 10.96 

99.18 

It  has  a  deformation  range  from  1,275**  to  1,290®  C.  and  fuses  to  a 
translucent  mass  free  from  tint. 

a  For  a  description  of  this  deposit  see  Bastin,  E.  8.,  Economio  geology  of  the  feldspar  deposits  of  the 
United  States:  Bull.  430,  U.  S.  G«ol.  Survey,  1910,  pp.  4(^-50. 
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PBOPERTIB8  IN  STAKDABD  PORCELAIN  MIXTURE. 

In  the  standard  porcelain  mixture  this  feldspar  vitrifies  at  1,280^  0.  and  at  1,330° 
0.  shows  no  evidence  of  warping.  The  color  is  equal  to  that  of  the  standard  trial 
and  does  not  alter  under  either  the  raw  lead  or  the  fritted  glaze.  Fired  at  1,330°  0., 
the  total  shrinkage  is  14.2  per  cent  and  the  translucency  is  0.673  and  the  color  cream 
white. 

MIDDLETOWN.      BID  WELL  QUARBY. 

The  Bidwell  quarry  (54)  is  located  2^  miles  south  of  Middletown, 
on  Haddam  Pike.  The  quarry  was  worked  about  40  years  ago,  and 
recently  has  been  reopened  and  worked  for  its  pegmatite.  The  de- 
posit consists  of  a  dike  which  strikes  due  north  and  has  been  mined 
to  a  depth  of  20  feet  for  a  distance  of  about  200  feet.  The  material 
removed  is  reported  to  have  been  buff  potash  feldspar,  but  that  now 
exposed  in  the  walls  and  floor  consists  of  about  equal  proportions  of 
microcline  and  albite.  This  quarry  should  produce  a  considerable 
amoimt  of  mixed  feldspar  high  in  soda  content  and  valuable  for 
softening  the  feldspars  high  in  potash.  An  average  sample  of  the 
feldspar  shows  a  deformation  rangl^  of  1,265°  to  1,275®  C.  and  fuses 
to  a  semiopaque  enamel  of  good  white  color. 

PROPBBTIES  IS  STANDARD  POSCSLAIN  HIXTURB. 

In  the  standard  porcelain  mixture  this  feldspar  vitrifies  at  1,270^  0.  and  shows 
pronounced  warping  at  1,330^  0.  The  color  is  a  feint  gray.  Fired  at  1,330^  0. 
the  shrinkage  is  13.8  per  cent  and  the  translucency  is  0.630  and  the  color  is  cream. 
The  application  of  raw  lead  and  fritted  glazes  intensifies  slightly  the  gray  tint  of  the 
unglazed  porcelain. 

MIDDLE   HADDAM.      HALLBERO  DEPOSIT. 

The  Hallherg  deposit  (55),  2  miles  southeast  of  Middle  Haddam 
village,  does  not  differ  materially  from  the  one  at  the  ACddle  Had- 
dam quarry,  except  that  gem  minerals  are  absent.  The  dike  is 
opened  by  a  pit  at  its  northeast  terminus  on  an  abrupt  bluff  of  a 
hill.  The  width  of  the  dike  where  exposed  in  this  pit  is  about  20 
feet,  and  a  face  about  20  feet  high  has  been  imcovered. 

The  pegmatite  in  this  deposit  was  sampled  and  found  to  have  a 
deformation  temperature  of  from  1,270*^  to  1,285°  C. 

It  fuses  to  a  semitransparent  glass  with  a  faint  blue  tint. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  mixture  the  above  feldspar  vitrifies  at  1,280^  0.  and  at  1,330^  0. 
a  slight  warpage  is  noted.  Fired  at  1,330°  C,  the  total  shrinkage  is  14.5  per  cent, 
the  translucency  is  0.657,  and  the  color  is  cream.  The  porcelain  shows  a  faint  gray 
tint  which  is  intensified  by  the  application  of  both  the  raw  lead  and  the  fritted 
glaze. 
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MIDDLE  HADDAM.      MIDDLE   HADDAM   QUABBT. 

The  Middle  Haddam  quarry  (56),  li  miles  southeast  of  Middle 
Haddam  village,  consists  of  a  number  of  small  openings  scattered 
over  a  territory  comprising  several  himdred  acres.  The  largest  single 
operation  consists  of  an  opening  in  the  west  slope  of  a  hill  overlooking 
the  Connecticut  River  and  the  dike  where  exposed  seems  to  be  about 
40  feet  wide  and  to  have  a  general  northeasterly  strike.  This  deposit 
is  about  one-half  of  a  mile  from  the  river  and  the  material  is  hauled  to 
the  face  of  an  abrupt  cliff  and  dumped  into  lighters  moored  below  it. 

The  product  of  the  quarry  is  a  granite  p^matite,  practically  no 
lenses  of  pure  feldspar  being  observed.  Crystals  of  muscovite  of 
moderate  size  occur  at  frequent  intervals,  but  few  specimens  of  com- 
mercial value  are  noted.  Black  tourmaline  and  biotite  are  scattered 
through  the  deposit  and  require  careful  hand  sorting  to  eliminate 
them.  The  occurrence  of  lepidolite  and  colored  tourmaline  are 
reported  from  this  deposit,  but  none  was  observed  at  the  time  of  its 
inspection.  The  cleaner  parts  of  the  p^matite  were  sampled  and 
found  to  have  a  deformation  temperature  of  1,270°  to  1,285°  C. 
When  fused  the  feldspar  is  semitransparent  and  h^is  a  faint  blue  tint. 

PROPEBTIE8  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  porcelain  mixture  this  feldspar  vitrifies  at  1,280^  C. ,  and  at  1,330^  0. 
warps  slightly  and  has  a  faint  gray  tint.  When  fired  at  1,330^  C.  the  total  shrinkage 
Is  14  per  cent  and  the  translucency  is  0.630  and  the  color  is  cream.  Under  the  raw- 
lead  and  fritted  glazes  the  gray  tint  is  somewhat  intensified. 

HADDAH.   HADDAM  NECK  QUARRY. 

Haddam  Neck  quarry  (57)  is  located  on  the  east  bank  of  the  Con- 
necticut River,  opposite  Haddam  village.  This  deposit  consists  of  a 
dike  about  100  feet  wide  and  has  been  worked  for  a  distance  of  about 
350  feet  and  to  a  depth  of  aboutSO  feet.  The  deposit  contains  a  vari- 
able pegmatite  with  many  inclosed  masses  of  albite  and  small  lenses  of 
microcline;  graphic  granite  was  exposed  in  many  parts  of  the  quarry 
when  visited.  The  pegmatite  is  mixed  with  micas,  black  tourmaline, 
garnet,  and  other  minerals  and  many  gems  are  reported  as  being 
found  in  this  quarry.  The  fddspar  is  a  buff  microcline  intergrown 
with  albite  of  a  white  and  pale-green  color.  Free  from  quartz,  this 
feldspar  shows  a  deformation  range  from  1,266°  to  1,285°  C,  and 
when  fused  is  semitransparent  and  has  a  good  color. 

PR0PEBTIE8  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  porcelain  mixture  this  feldspar  vitrifies  at  1,280^  C,  and  at  1,330^ 
C.  no  warping  b  noted .  The  color  is  almost  equal  to  that  of  the  standard  trial.  Fired 
at  1,330^  C.  the  total  shrinkage  is  14  per  cent  and  the  translucency  is  0.637  and  the 
color  is  cream  white.    The  color  is  not  altered  imder  the  raw-lead  and  fritted  glazes. 
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NBW  HAVSN  COTJKTY. 
OXFORD.      BRIDOEPOBT  QUARRY. 

The  Bridgeport  quarry  is  located  about  H  miles  south  of  Oxford, 
Conn.  This  quarry  is  an  open  pit  about  150  by  100  feet  in  size  and 
the  deposit  ^  seems  to  be  an  isolated  lens  of  pegmatite  which  apparently 
does  not  continue  in  either  direction.  The  quarry  has  been  abandoned 
some  time  and  at  the  time  of  visiting  was  fiUed  with  water  so  that  no 
estimate  of  what  its  content  was,  or  what  material  the  walls  are,  could 
be  formed.  The  parts  exposed  above  the  water  consist  largely  of  a 
coarse  pegmatite  with  isolated  lenses  of  feldspar  of  widely  varying 
color  and  structure.  The  quartz  in  this  quarry  is  reported  as  having 
been  rose  quartz  and  massive  white  sugar  quartz.  The  quantity  of 
feldspar  exposed  is  not  sufficient  to  justify  a  statement  regarding  the 
probable  quaUty  of  the  feldspathic  material  of  the  deposit. 

NEW  TOBIL 

All  the  feldspar  deposits  investigated  in  New  York  are  shown  in 
Plate  VI  except  those  in  Westchester  Coimty,  which  are  shown  in 
Plate  V. 

ESSEX  COUNTY. 
GROWN  POINT.      CROWN  POINT  QUARRY. 

The  Crown  Point  quarry  (58)  is  2  miles  southwest  of  Crown  Point 
and  1  mile  west  of  Lake  Champlain.  The  deposit  ^  is  an  expanded 
pegmatite  dike,  of  widely  varying  composition,  with  a  northeast 
strike.  The  dip  is  imcertain,  but  is  almost  vertical  where  exposed  by 
quarrying  for  a  width  of  about  40  feet. 

The  pegmatite  is  a  coarse  mixture  of  pearl-gray  microcline  and 
green  plagioclaso  with  variable  contents  of  quartz  and  leaves  of  biotite 
along  the  contact  faces  between  the  masses  of  microcline  and  plagio- 
clase.  In  this  quarry  the  central  part  of  the  dike  contains  more  micro- 
cline than  plagioclase,  and  along  the  walls  the  plagioclase  appears  to 
predominate.  Along  the  west  wall  a  hematite-red  stain  occurs  on 
the  faces  of  the  microcline  crystals,  but  does  not  penetrate  the  feld- 
spar masses.  The  overburden  varies  from  nothing  to  4  feet  and  is  a 
soil  made  up  laigely  of  weathered  dike  material. 

The  nature  of  the  deposit  would  demand  great  care  in  selecting 
the  feldspar  if  it  were  to  be  marketed  for  ceramic  uses.  Many  parts 
are  so  mixed  with  biotite  that  cleaning  would  be  impracticable,  but 
at  least  one-third  of  this  dike  would  justify  cobbing  for  its  microcline. 
The  mining  at  present  is  for  material  to  be  used  in  the  manufacture 
of  roofing  and  for  poultry  grit,  and  for  these  purposes  the  run  of  the 
quarry  can  be  used  without  cleaning  of  any  impurity  except  the  small 

a  For  a  description  of  this  deposit  see  Bastin,  £.  S.,  Eoonomic  geology  of  tb«  Hl^spar  deposits  of  tlie 
United  States:  Bull.  420,  U.  S.  G«ol.  Survey,  1910,  pp.  5»-M. 
b  See  Bastin,  E.  S.,  Op.  clt.,  pp.  54-^. 
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flake  mica.  The  greater  part  of  the  mica  can  be  eliminated  by  means 
of  a  screen,  as  it  does  not  pulverize  with  the  feldspar. 

Although  the  output  of  pottery  feldspar  from  such  a  deposit  would 
necessarily  vary  greatly  in  different  parts  of  the  dike,  the  small  quartz 
content  would  make  such  good  feldspar  as  was  obtained  of  especial 
value  for  the  improvement  of  pegmatite  high  in  quartz  and  would 
eliminate  the  necessity  of  robbing  other  dikes  of  their  select  feldspar 
for  this  purpose. 

The  two  types  of  feldspar  present  in  the  dike  were  sampled  sepa- 
rately and  tested. 

The  microcline  is  foimd  to  have  the  following  chemical  composition: 

Compontion  of  microcline  from  Crown  Point  quarry. 

Par  cent. 

Ignition  loes 0. 40 

SiOa 63.61 

AljOs 19.09 

FeaOa .43 

TiOj 02 

CaO 54 

MgO 17 

BaO 15 

KjO : 14.07 

NajjO L73 

100.21 

The  microcline  has  a  deformation  range  of  1,270®  to  1,285®  C.  and 
fuses  to  a  semitransparent  glass  of  faultless  color.  The  plagioclase 
has  a  deformation  range  of  1,280®  to  1,290®  C.  and  fuses  to  a  Ught 
brown  slag.  From  400®  C.  imtil  deformation  begins  this  plagioclase 
is  a  hematite-red  color,  and  at  1,275®  C.  shows  no  signs  of  vitrification. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

The  microcline  of  this  deposit,  when  prepared  in  the  standard  porcelain  mixture, 
vitrifies  at  1,280**  C,  and  at  1 ,330**  C.  shows  no  warpage.  Fired  at  1,330**  C.  the  total 
shrinkage  is  14.6  per  cent,  the  translucency  is  0.84,  and  the  color  is  cream  white. 
The  color  is  equal  to  that  of  the  standard  trial  and  is  not  altered  under  either  the 
raw-lead  or  the  fritted  glaze. 

TICONDEROGA.      BABBETT    QUABRY. 

The  Barrett  quarry  (59)  is  IJ  miles  northwest  of  Ticonderoga,  and 
almost  due  south  of  Crown  Point  quarry.  The  deposit,**  which 
closely  resembles  that  at  the  Crown  quarry,  as  regards  structure  and 
constituents,  is  a  dike  100  to  150  feet  wide,  and  is  exposed  for  about 
1,200  feet  along  the  east  slope  of  a  ridge  which  strikes  northeast  and 
dips  35^  SE.  The  dike  is  opened  to  a  maximum  depth  of  60  feet. 
The  pegmatite  exposed  is  a  coarse  mixture  of  pearl-gray  xnicrocUne 
and  pale-green  plagioclase,  the  analjrsis  of  which  shows  it  to  be 

a  For  a  description  of  tliis  deposit  see  Bastin,  E.  S.,  Economic  geology  of  the  feldspar  deposits  of  the 
United  States:  Bull.  420,  U.  S.  Oeol.  Survey,  1910,  pp.  65-56. 
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andesine.  Biotite  is  very  abundant  and  is  distributed  throughout 
the  dike.  It  generally  occurs  along  the  contacts  between  the  micro- 
cline  and  the  oligoclase,  and  as  neither  feldspar  averages  masses  more 
than  5  or  6  inches  in  diameter,  the  removal  of  the  biotite  presents  a 
serious  problem.  Where  the  oligoclase  is  not  so  abundant  the  micro- 
cline  occurs  with  the  quartz  as  graphic  granite.  The  biotite  in  this 
dike  is  remarkably  tough  and  does  not  reduce  to  a  powder  when  passed 
through  the  crushing  machinery  employed  to  reduce  the  feldspar  to 
the  proper  size  for  roof  covering,  for  which  purpose  the  output  of  the 
quarry  is  used.  The  microdine  has  a  very  highly  developed  cleavage 
and  attempts  at  cobbing  result  in  its  breaking  into  fragments  of 
one-fourth  to  one-sixteenth  inch  in  diameter.  The  logical  method 
of  cleaning  this  microcline  is  to  granulate  it  and  then  separate  it 
from  the  biotite  by  screening  or  blowing.  Up  to  March,  1915,  all 
attempts  to  eliminate  the  biotite  completely  have  failed,  and  it  is 
doubtful  if  this  deposit  can  be  made  to  produce  a  large  amount  of 
high-grade  feldspar  imless  some  special  system  of  separating  the 
biotite  can  be  developed. 

The  feldspar  constituents  of  the  dike  were  sampled  carefully  and 
foimd  by  analysis  to  have  the  following  compositions: 

Composition  of  feldspar  constituents  of  Barrett  deposit. 

Pearl-gray    Pale  green 
mJcrocUne.   andeibae. 

Ignition  loflB per  cent . 

SiOj 

AlA 

FeA 

TiO, 

Q^O 

MgO 

BaO 

KjO : 

NajO 

100. 11        99. 87 

The  microcline  has  a  deformation  range  of  1,260®  to  1,275®  C.  and 
fuses  to  a  semitransparent  glass  of  faultless  color. 

The  andesine  has  a  deformation  range  of  1,330®  to  1,335®  C.  and 
fuses  to  a  light-brown  slag.  From  400®  C.  imtil  deformation  begins 
the  andesine  is  a  hematite  red  and  shows  no  signs  of  vitrification  at 
1,275®  C,  although  it  contains  more  than  60  per  cent  albite. 

PROPBBTIES  IN  STANDARD  POROBLAIN  laZTXTRE. 

In  the  standard  porcelain  mixture  the  microcline  vitrifies  at  1,270^  0.  and  at  1,330^  0. 
warps  slightly.  Fired  at  1,330^  C.  the  total  shrinkage  is  13.7  per  cent  and  the  trans- 
lucency  is  0.86  and  the  color  is  cream  white.  The  color  of  the  porcelain  is  equal  to 
that  of  the  standard  trial  and  is  not  altered  under  either  the  raw-lead  or  the  fritted 
glaze. 


cent. . 

.     0.18 

0.58 

do 

.  64.65 

59.35 

do 

.  18.90 

25.90 

do 

.      .35 

.57 

do. . . . 

.      .03 

.03 

do.... 

.      .51 

6.43 

do.... 

.      .19 

.00 

do. . . . 

.      .19 

.00 

do 

.  12.32 

L35 

do.... 

.     2.88 

6.26 
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TICONPEBOOA.      TICONBEBOGA  QUARRY. 

The  Ticonderoga  quarry  (60)  is  1  mile  southeast  of  Ticonderoga, 
an  the  south  side  of  the  raihroad  between  Ticonderoga  and  Mont 
Calm  Landing,  in  a  small  glen  facing  northeast  and  having  very 
abrupt  walls.  A  face  about  60  feet  high  and  30  feet  wide  has  been 
worked  for  a  depth  of  about  20  feet.  The  dike  consists  of  a  me- 
dium coarse  pegmatite  with  massive  intrusions  of  calcite  and  these 
calcite  masses,  as  well  as  the  lines  of  contact  between  the  feldspar 
and  the  calcite,  carry  large  amounts  of  finely  crystallized  hornblende. 
The  dike  is  so  completely  charged  with  these  minerals  that  the  pro- 
duction of  a  pure  feldspar  would  be  very  expensive  if  not  quite 
impossible. 

8ABATOGA  C0X7MTY. 
OOBINTH.      CORINTH  QUARRY. 

The  Corinth  feldspar  quarry  *  (61)  is  2  J  miles  southwest  of  Corinth 
station.  The  quarry  consists  of  a  small  pit  opened  on  the  east  face 
of  a  hiU,  and  another  and  larger  opening  100  yards  distant  and  125 
feet  higher,  and  following  the  strike  of  the  dike  for  about  50  feet. 
This  latter  opening  is  so  shallow,  however,  that  it  is  doubtful  if  it 
shows  the  true  nature  of  the  dike,  as  the  lines  of  contact  and  capping 
often  show  more  impurity  than  the  body  of  the  dike,  and  the  asso- 
ciated minerals  exposed,  garnet  and  biotite,  are  similar  to  those  of 
the  inclosing  rocks,  which  are  schists.  The  lower  opening  is  a  very 
pure  pegmatite  and  graphic  granite  consisting  of  pearl-gray  micro- 
dine  and  smoky  quartz.    No  other  minerals  are  present. 

The  chief  difficulty  in  the  development  of  this  property  is  the 
poor  road  to  the  railroad,  but  if  the  road  was  improved  the  expense 
of  hauling,  as  almost  the  entire  distance  is  down  hill,  could  be  reduced 
to  the  minimum.    The  two  pits  were  sampled  separately  and  tested. 

The  feldspar  of  the  upper  pit  shows  a  deformation  range  of  1,255*^ 
to  1,265^  C,  and  when  fused  is  almost  transparent  and  free  from  tint. 

The  feldspar  of  the  lower  pit  shows  a  deformation  range  of  1,260^ 
to  1,270^  C,  and  when  fused  is  semitransparent  and  free  from  tint. 

PROPERTIES  IN  STANBABD  PORCELAIN  MIXTURE. 

In  the  standard  porcelain  mixture  the  feldspar  of  the  upper  pit  vitrifies  at  1,260^ 
C.  and  at  l.SSO^'  C.  warping  is  evident.  Fired  at  1,330^  C.  the  total  shrinkage  is  14.8 
per  cent,  the  translucency  is  0.74,  and  the  color  is  cream  white.  The  color  of  the 
I>orcelain  is  equal  to  that  of  the  standard  trial  and  is  not  altered  under  either  the  raw- 
lead  or  fritted  glaze. 

In  the  standard  porcelain  mixture  the  feldspar  of  the  lower  pit  vitrifies  at  1,270^ 
0.,  and  at  1,330^  0.  no  waipage  is  apparent.    Fired  at  1,330^  G.  the  total  shrinkage 

a  For  a  description  of  this  deposit  see  Bastin,  E.  8.,  Economio  geology  of  the  feldspar  deposits  of  the 
United  States:  Bull.  420,  U.  S.  Geol.  Survey,  1910,  pp.  67-^. 
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is  15  per  cent,  the  tnuoalucency  is  0.83,  and  the  color  is  cream  white.  The  color  is 
equal  to  that  of  the  standard  trial  and  is  not  altered  under  either  the  raw-lead  or  the 
Mtted  glaze. 

BATOHELLEBVILLE.   BATOHELLEBVILLE  QUARRIES. 

The  Batchellerville  quarries  (62)  are  2  miles  north  of  Batcheller- 
ville  and  one-fourth  mile  east  of  the  Day-Batchellerville  road. 

Main  Quarry. 

The  main  quarry  is  on  a  west  slope  and  is  in  full  view  of  the  road.^ 
At  the  time  of  visiting  it  consisted  of  a  cut  about  60  feet  long  and  35 
feet  wide  into  a  pegmatite  dike  which  strikes  northeast  and  stands 
almost  vertical.  The  cut  slopes  into  the  hill  and  was  filled  with 
water  to  the  entrance,  but  a  face  20  feet  high  was  exposed  above  the 
water.  The  pegmatite,  which  is  coarsely  crystalline,  consists  of 
cream  and  pearl-gray  microdine  and  white  albite  mixed  with  gray 
quartz.  Rose-colored  sugar  quartz  is  present  in  large  masses.  A 
small  lens  of  pure  albite  was  noted  in  the  floor  near  the  entrance. 
Muscovite  is  present,  but  is  segregated  and  could  be  easily  eliminated 
in  handling  the  quarried  material.  Beryl  is  found,  but  is  of  a  dark 
blue  color  and  would  be  quickly  recognized  and  rejected  in  handling 
the  material.  The  limited  quantity  of  biotite  would  present  no  seri- 
ous difficulty  in  mining  the  feldspar. 

The  wall  rock  is  a  biotite  gneiss,  and  there  is  a  horse  of  similar  rock 
in  the  center  of  the  dike,  but  it  is  perfectly  solid  and  would  not  present 
any  serious  hindrance  to  quarrying. 

Samples  of  the  microcline  were  obtained  free  from  albite  and 
quartz,  and  this  shows  a  deformation  range  of  1,270*^  to  1,285®  C. 
It  fuses  to  a  glass  which  is  semitransparent  and  free  from  tint. 

PROPBRTIBS  IS  STANDARD  PORCELAIN  MIZTI7RB. 

In  the  standard  porcelain  mixture  this  feldspar  vitrifies  at  1,280^  C,  and  at  1,390^ 
0.  shows  no  sign  of  warping.  Fired  at  1,330^  G.  the  total  shrinkage  is  15  per  cent, 
the  translucency  is  0.78,  and  the  color  is  cream  white.  The  color  is  equal  to  that  of 
the  standard  trial  and  is  not  affected  by  the  raw-lead  and  fritted  glazes. 

Second  Quarry. 

A  second  quarry  is  located  ahout  100  yards  east  of  the  main  quarry 
and  on  the  strike  of  the  same  dike,  but  on  ground  60  feet  higher. 
This  opening  was  only  about  20  feet  wide  and  30  feet  long,  and  had  a 
maximum  depth  of  10  feet.  The  composition  of  the  dike  at  this 
point  is  slightly  different,  although  in  most  respects  it  is  similar  to  the 
lower  quarry  exposure.    The  microcline  is  entirely  of  the  pearl-gray 

o  For  a  description  of  this  deposit  see  Bastin,  B.  S.,  Economio  geology  of  tbe  feldspar  deposits  of  the 
United  States:  Boll.  420,  U.  8.  Oeol.  Survey,  1910,  pp.  68^60. 
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variety.  Muscovite  is  present  in  only  limited  amount  *and  no  biotite 
is  noted.  Dark-red,  cloudy  garnets  are  noted  in  limited  numbers,  but 
these  are  generally  large  and  hence  easily  detected  and  removed. 
Some  graphic  granite  occurs  in  the  walls  of  this  opening,  but  its  quartz 
content  is  very  low. 

A  careful  average  was  made  of  the  feldspar  content  of  this  part  of 
the  dike,  and  this  shows  by  analysis  the  following  composition: 

Compoiition  of  MeUcUd  feldspar  from  smaller  quarry. 

Percent. 

Ignition  loss 0. 26 

SiOa 66.14 

AIjO, 19.38 

FejOi 29 

TiOa 01 

CaO 44 

MgO 14 

BaO 00 

K,0 11.28 

NajO 3.61 

100.55 

This  feldspar  has  a  deformation  range  of  1,250®  to  1,260°  C.  and 
fuses  to  an  almost  transparent  glass  of  excellent  color.  The  small 
content  of  CaO  and  MgO  exert  a  remarkable  influence  in  lowering 
the  deformation  temperature  and  shortening  the  deformation  range. 
The  presence  of  0.29  per  cent  of  FcjOj  would  be  expected  to  produce  a 
tint,  but  none  is  apparent. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  porcelain  mixtuie  this  feldspar  vitrifies  at  1,260*^  C,  and  at  1,330^  G. 
the  warpage  is  very  pronounced.  Fired  at  1,330°  C.  the  total  shrinkage  is  13.6  per 
cent,  the  translucency  is  0.86,  and  the  color  is  cream  white.  The  color  of  the  por- 
celain is  eqiial  to  that  of  the  standard  trial,  and  the  color  is  not  altered  under  either 
the  raw-lead  or  the  fritted  glaze. 

Third  Quarry. 

A  third  quarry  (63)  which  has  been  worked  only  in  a  very  primitive 
way  is  located  one-fourth  mile  east  of  the  upper  quarry  in  a  glen.  Its 
location  would  indicate  that  this  deposit  is  a  continuation  of  the  one 
worked  in  the  two  openings  nearer  the  highway,  especially  as  p^- 
matite  is  encountered  by  removing  the  surface  soil  in  many  places 
between  the  quarries.  The  appearance  of  the  dike  is,  however,  very 
different.  Masses  of  deep  salmon  and  pink  feldspar  of  the  microcline 
variety  are  exposed  in  a  creek  bed,  and  associated  with  this  is  a 
pegmatite  ^consisting  of  pale  pmk  feldspar  and  clear  white  quartz. 
The  dark  salmon  and  pink  feldspar  free  from  quartz  have  been 
removed  from  an  openmg  30  feet  long  and  20  feet  wide  and  having  an 
estimated  depth  of  12  feet.    This  pink  and  salmon  feldspar  were 
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sampled  and  tested  separately.    The  sahnon  feldspar,  which  pre- 
dominates, was  analyzed  and  found  to  have  the  following  composition : 

Campotition  of9alffum/eld$parfrom  third  quarry. 

Percent. 

Ignition  I08B 0. 17 

SiOa 64.26 

AlaO, ia78 

FejO, 43 

TiO, 00 

CaO 33 

MgO 14 

BaO 00 

K^ 1415 

NajO 2.01 

100.27 

This  feldspar  shows  a  deformation  range  of  1,275^  to  1,290^  C.  and 
fuses  to  a  semitransparent  mass  with  a  fair  color,  but  not  equal  to 
that  of  the  lighter-colored  feldspars.  The  pink  feldspar  has  the 
same  range  and  temperature  of  deformation  as  the  salmon  feldspar. 

A  sample  of  the  pale  pink  feldspar  was  obtained  from  an  exposure 
midway  between  the  second  and  third  quarries.  This  feldspar  was 
fotmd  to  have  a  deformation  range  of  1,265®  to  1,275**  C.  and  when 
fused  it  becomes  almost  transparent  and  free  from  tint. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXnTRB. 

Salmon  feldspar. — In  the  standard  porcelain  mixture  the  sahnon  feldspar  vitrifies 
at  1,280**  C,  and  at  1,330°  C.  shows  no  evidence  of  warping.  When  fired  at  1,330**  C. 
the  total  shrinkage  is  13.6  per  cent,  the  translucency  is  0.82,  and  the  color  is  'cream 
white.  The  color  of  the  porcelain  is  equal  to  that  of  the  standard  trial,  and  is  not 
altered  under  either  the  raw-lead  or  the  fritted  glaze. 

Pale  pink  feldepar. — In  the  standard  porcelain  mixture  the  pale  pink  feldspar 
vitrifies  at  1,270**  C,  and  at  1 ,330**  0.  showed  slight  warping.  Fired  at  1,330  C,  the 
color  is  equal  to  that  of  the  standard  trial,  the  total  shrinkage  is  15.2  pec  cent,  the 
translucency  is  0.86,  and  the  color  by  transmitted  light  is  cream  white.  The  color  of 
the  porcelain  is  not  affected  by  application  of  either  raw-lead  or  fritted  glaze. 

HAMILTON  COTTNTY. 

NORTHVILLE.      SNELL   PROSPECTS. 

On  the  Herbert  Snell  property  (63)  in  Benson  Township,  Hamilton 
County,  4  miles  north  of  Northville,  Fulton  County,  nimierous  ex- 
posures of  pegmatite  were  noted,  the  most  promising  being  on  a  hill 
west  of  the  highway,  where  a  dike  about  15  feet  wide  is  exposed  at 
two  places.  The  deposit  has  a  general  northeast  strike,  and  stands 
nearly  vertical.  Very  little  biotite  or  tourmaline  were  exposed  and 
the  pegmatite  seems  remarkably  pure  except  for  occasional  lenses  of 
massive  quartz.  The  feldspar  is  principally  a  pale  salmon  micro- 
cline,  but  a  short  distance  off  the  strike  a  small  exposure  of  pearl-gray 
microline  was  noted. 
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The  salmon  feldspar  was  sampled  and  tested.  It  has  a  deforma- 
tion range  of  1,255°  to  1,265°  C,  and  when  fused  it  is  practically 
transparent  and  free  from  tint. 

PROPERTIES  IN   STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  mixture  the  feldspar  vitrifies  at  1,260^  C.  and  at  1,330^  C.  shows 
warping  distinctly.  Its  color  is  equal  to  that  of  the  standard  trial.  Fired  at  1,330^  C. 
the  total  shrinkage  is  only  13  per  cent;  the  color  is  cream  white,  and  the  translucency 
is  0.82.    The  color  is  not  altered  under  the  raw-lead  and  fritted  glazes. 

FULTON  COUNTY. 

NORTHVILLE.   RHODES  QUARRY. 

The  Rhodes  quarry  (64)  is  located  about  3  miles  northeast  of 
Northville,  Fidton  County,  near  the  Saratoga  County  line.  This 
quarry  was  opened  about  20  years  ago  and  only  a  small  quantity  of 
feldspar  has  been  removed.  The  opening,  which  is  20  by  30  feet,  is 
filled  with  water  and  no  data  on  the  deposit  could  be  obtained  except 
from  a  quantity  of  clean  feldspar,  estimated  at  30  tons,  which  is 
heaped  about  the  opening.  About  6  tons  of  massive  quartz  is  also 
heaped  near  the  quarry.  There  is  a  notable  absence  of  pegmatite  in 
this  deposit  and  the  only  mineral  noted  aside  from  feldspar  and  mas- 
sive quartz  is  clear  mica,  for  which  the  quarry  was  originally  opened. 
The  feldspar  is  a  buff  microline  intergrown  with  thin  layers  of  quartz. 
These  quartz  layers  constitute  approximately  25  per  cent  of  the  mass. 
A  sample  representing  the  average  of  the  heaps  of  feldspar  showed  a 
deformation  range  of  1,330°  to  1,350°  C.  and  fused  to  a  semitrans- 
parent  glass  with  remarkable  freedom  from  color. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  mixture  this  feldspar  produces  a  vitrious  mass  at  1,350^  C.  The 
color  is  equal  to  that  of  the  standard  trial.  Fired  at  1,330°  C.  the  feldspar  has  a  cream- 
white  color  and  a  translucency  of  0.77)  and  a  total  shrinkage  of  14.2  per  cent.  The 
color  is  not  altered  by  the  raw-lead  and  fritted  glazes. 

NORTHVILLE.      GIFFORD  PROSPECT. 

The  GifPord  prospect  (65)  is  1^  miles  west  of  Northville,  in  a  peg- 
matite dike,  6  to  10  feet  wide,  which  can  be  traced  for  one-half  mile 
along  an  east  slope.  The  degree  of  purity  varies  in  the  exposed 
faces,  but  as  no  development  work  had  been  done  only  surface  indi- 
cations could  be  noted.  In  many  places  lenses  of  pure  feldspar  1  to  2 
feet  square  are  exposed,  the  degree  of  purity  seeming  to  increase  to- 
ward the  south  end  of  the  dike.  The  feldspar  is  principally  buflf 
microcline,  but  pale  salmon  microcline  is  noted  at  a  few  points. 

The  buff  microcline  was  sampled  and  tested.  It  has  a  deforma- 
tion range  of  1,265^  to  1,275^  C.  and  when  fused  is  semitransparent 
and  free  from  tint. 
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PROPBRTIE8  IN   STANDARD  PORCELAIN   MIXTURE. 

In  the  standard  mixture  the  feldspar  vitrifies  at  1,270^  and  at  1,330^  G.  warping  is 
apparent.  The  color  is  equal  to  that  of  the  standard  trial.  Fired  at  1,330^  C.  the 
porcelain  has  a  cream-white  color  by  transmitted  light,  a  translucency  of  0.76,  and  a 
total  shrinkage  of  15  per  cent.  The  color  is  not  altered  under  the  raw-lead  and 
fritted  glazes. 

OBANBEBBY.      TTBOL  MOUNTAIN  QUABBT. 

The  Tyrol  Mountain  quarry  (66)  is  2  J  miles  west  of  Cranberry 
station,  in  the  crest  of  the  Tyrol  Mountain. 

The  dike  ^  is  exposed  on  a  south  slope  and  consists  of  a  number  of 
distinct  bands.  Some  of  these  are  Tory  impure  whereas  others  are 
almost  free  from  minerals  other  than  feldspar  and  quartz.  At  the 
time  of  visiting  a  mass  of  very  impure  pegmatite,  which  had  been 
opened  by  the  last  operator  of  this  property  and  not  removed,  the 
quarry  face  being  covered  with  debris.  Lenses  of  clean  pegmatite 
were  exposed  on  both  sides  of  this  impure  mass  and  much  high-grade 
pottery  material  may  still  be  expected  from  this  property.  A  lens 
of  plagioclase,  which  is  shown  by  analysis  to  be  andesine,  and  much 
clean  microcline  pegmatite  was  exposed  in  the  floor  of  the  quarry. 

The  location  of  this  deposit,  about  1,000  feet  above  the  railroad, 
indicated  a  very  steep  road  and,  although  down  hill,  the  conveying 
of  the  material  to  the  railroad  presents  difficulties  which  coidd  be 
overcome  only  by  building  a  road  of  more  gradual  slope. 

The  results  of  an  analysis  of  the  andesine  is  as  follows: 

Composition  of  andesine  from  Tyrol  Mountain  quarry. 

Perosnt. 

Ignition  loss 0. 64 

SiOj 61.91 

AljOj ♦. 23.69 

FeaO, 40 

TiOa 

CaO 4.37 

MgO 13 

KjO L17 

NajjO a  40 

100. 61 

It  shows  a  deformation  range  of  1290^  to  1300^  C.  and  fuses  to  a 
clear  white  enamel. 

The  pegmatite,  which  constitutes  the  vast  majority  of  the  deposit, 
is  buff  microcline  and  quartz.  It  deforms  at  1270**  to  1280®  C.  and 
fuses  to  almost  a  transparent  glass  without  tint. 

a  For  a  descriptiom  of  this  deposit  see  Bastin,  £.  S.,  Eoooomio  geology  of  tiiA  feidfl|Mr  deposits  of  the 
United  States:  Bull.  430,  U.  S.  Geol.  Survey,  1910,  pp.  55-67. 
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PROPERTIS8  IN  STANDARD  PORCBLAIN  MIXTURB. 

Andetine, — In  the  staadard  mixture  this  andesine  vitrifies  at  1,300^  C.  and  ham  a 
cream  white  color  by  transmitted  light,  a  translucency  of  0.76,  and  a  total  ahzinkage 
of  14  per  cent. 

Iificrodine, — In  this  mixture  the  above  microcline  vitrifies  at  1,280^  G.  and  at 
1,330^  G.  shows  no  warpage.  Fired  at  1,330^  the  microcline  has  a  total  shrinkage  of 
13.6  per  cent,  a  cream  white  color  by  transmitted  light  and  a  translucency  of  0.78. 
The  color  is  equal  to  that  of  the  standard  trial  and  is  not  altered  by  the  raw-lead  and 
fritted  glazes. 

WBSTGEBSTBB  00X7MTY. 
BEDFOBD.      BEDFOBD  QUABBT. 

The  Bedford  quarry  (67)  is  located  on  the  north  slope  of  a  hill,  1 
mile  east  of  Bedford  village.  The  deposit  is  a  dike  or  a  stringer  from 
the  main  dike  which  forms  the  central  part  of  the  hill  and  is  worked 
at  the  Eankel  quarry.  At  the  Bedford  quarry  it  consists  df  two  princi- 
pal forms  of  feldspar,  a  buff  microcline  pegmatite  and  a  white  albite 
pegmatite.  Associated  with  the  microcline  is  a  dark  buff  feldspar  of 
the  potash  variety  and  almost  free  from  quartz.  The  chief  associate 
minerals  are  the  micas,  the  biotite  being  in  small  crystals  and  asso- 
ciated chiefly  with  the  albite  pegmatite  whereas  the  muscovite  is 
distributed  through  the  microcline  pegmatite,  but  not  in  injurious 
quantity.  The  muscovite  is  extremely  tough  and  withstands  abra- 
sion, and  the  major  part  of  it  coidd  be  eliminated  by  screening  the 
material  after  a  short  preliminary  grinding. 

The  entire  dike  is  quarried  and  sorted.  The  parts  high  in  albite 
and  the  standard  feldspar  are  marketed  for  less  critical  uses  and  the 
better  parts  are  sold  for  pottery  manufacture.  A  sample  of  the 
pottery  feldspar  from  this  quarry  has  the  following  composition: 

Compontion  of  pottery  feldspar  from  Bedford  quarry, 

PorooDt. 

Ignition  loss 0. 28 

SiO, 69.46 

A1,0, 16.76 

FeaO, • 20 

TiOa 

CaO 45 

MgO 05 

BaO 10 

Na^O 2.60 

K,0 9.80 

99.69 

This  feldspar  has  a  deformation  range  of  1,270^  to  1,290^  C.  and 
fuses  to  a  semitransparent  glass  free  from  tint. 


• 
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PBOPERTIES  IN  STANDARD  PORCELAIN  MIXTTTRB. 

In  the  standiird  porcelain  mixture  thifl  feldspar  prodnces  a  TitriouB  maaa  at  1,290^ 
and  shows  no  evidence  of  warpiiig  at  1,330^  0.  Fired  at  1,330^  0 .  it  has  a  total  shrink- 
age of  15.0  per  cent,  a  cream  color  by  transmitted  light,  and  a  translucency  of  0.87. 
The  color  of  the  porcelain  is  slightly  cream,  but  is  equal  to  thoee  of  most  c<Hnmercial 
waxes,  and  is  not  affected  by  application  of  either  the  raw-lead  or  the  fritted  glaze. 

BEDFORD.      KINICEL  QUARRY. 

The  Kinkel  quarry  (68)  is  1  irile  east  of  Bedford  village.  The 
dike  ^  into  which  this  quarry  has  been  opened  constitutes  the  central 
part  of  a  ridge  which  ends  abruptly  at  this  point.  This  dike  has  a 
total  width  of  about  200  f  eet,  but  intrusions  of  material  similar  to  the 
walls  divide  it  into  three  sections  which  have  been  worked  as  separate 
quarries.  The  structure  of  this  entire  dike  is  extremely  coarse. 
Enormous  masses  of  clear  quartz  are  associated  with  the  feldspar, 
which  is  of  four  general  types,  namely,  salmon  microcline,  buff 
graphic  granite  of  the  microcline  variety,  white  albite  pegmatite  of 
varying  coarseness,  and  a  friable  white  albite  evidently  well  advanced 
in  weathering  process. 

MiCBOCLINE  PbOMATETB. 

The  salmon  microcline  occurs  in  isolated  lenses  generally  sur- 
rounded by  massive  quartz.  It  is  remarkably  free  from  associate 
minerals  and  could  be  obtained  in  a  high  state  of  purity  by  hand 
sorting.  An  average  sample  of  this  microcline  has  the  following 
chemical  composition. 

Compotition  of  microcline  from  Kinkel  quarry. 

Percent. 

Ignition  loss 0. 22 

SiOa...... 64.82 

AlA 18.87 

FejOa 29 

TiOj 01 

CaO 23 

MgO 16 

BaO ^. Trace. 

KjO , '. 13. 11 

NajO 2.70 

100.41 

It  has  a  deformation  range  of  1,270*^  to  1,290°  C.  and  fuses  to  a 
semitransparent  glass  free  from  tint. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  porcelain  mixture  this  feldspar  vitrifies  at  1,290^  and  no  warping 
is  apparent  at  1,330^  C.  Fired  at  1,330^  it  has  a  cream-white  color  by  transmitted 
light,  a  translucency  of  0.78,  and  a  total  shrinkage  of  14  per  cent.  The  color  is  equal 
to  that  of  the  standard  trial  and  is  not  affected  by  the  raw-lead  and  fritted  glazes. 

a  For  a  description  of  this  deposit  see  Bastln,  E.  S.,  EooiDomic  geology  of  the  feldspar  deposits  of  the 
United  States:  BtUl.  420, 1010,  pp.  0043. 
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Graphic  Granite. 

The  buff  graphic  granite,  the  quantity  of  which  is  small  compared 
to  that  of  the  salmon  microcline,  is  similar  in  all  respects  to  that 
found  on  the  adjoining  property  of  the  Bedford  Feldspar  Co. 

Albite  Pbomatitb. 

The  albite  pegmatite  is  very  important  as  it  constitutes  at  least  50 
per  cent  of  the  entire  feldspar  content  of  the  dike. 

The  fact  that  biotite  is  distributed  throughout  many  parts  of  this 
albite  pegmatite  will  necessitate  careful  sorting  if  the  more  impure 
parts  are  to  be  rendered  suitable  for  pottery  uses.  Much  of  the  peg- 
matite, however,  contains  no  biotite  or  other  impurity  except  quartz 
and  could  be  easily  and  cheaply  prepared  for  grinding.  Black  tour- 
maline was  also  noted  in  some  masses  of  this  pegmatite,  but  not  in 
quantity  to  constitute  a  menace.  Beryl  is  also  present  in  small 
amount. 

The  quartz  content  in  the  albite  pegmatite  is  greater  than  is  gener- 
ally found  in  the  better  grades  of  microcline  pegmatite  and  causes 
the  pegmatite  to  resemble  graphic  granite.  An  average  sample  of 
this  albite  pegmatite  was  analyzed  and  found  to  have  the  following 
composition: 

Comjxmtion  o/dUnU  pegmatite  from  Kivkel  quarry. 

Percent. 

Ignition  loss 0. 40 

SiOj 73. 88 

AlA 15. 73 

FejOa 36 

TiOa 01 

CaO 86 

MgO 36 

BaO 

KjO 48 

NagO 7.97 

100.05 

It  has  a  deformation  range  of  1,260^  to  1,270^  C.  and  it  fuses  to  a 
ire  white  enamel. 


pure  white  enamel 


PROPERTIEB  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  mixture  the  albite  pegmatite  produced  a  vitreous  maas  with  the 
peculiar  nonmetallic  ring  when  struck,  which  is  characteristic  of  soda  feldspar  porce- 
lains. 

Fired  at  1,330^  G.  it  had  a  cream-white  color  by  transmitted  light,  a  translucency 
of  0.78,  and  a  total  shrinkage  of  11.8  per  cent.  The  porcelain  had  an  excellent  color 
but  possessed  a  slight  vesicular  structure  and  was  slightly  warped,  both  being  evidence 
of  its  having  been  overtired.  It  also  lacked  the  brilliant  fracture  of  porcelains  contain- 
ing potash  feldspars.  Under  the  raw-lead  and  fritted  glazes  the  color  of  the  porcelain 
was  not  altered. 
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Pure  White  Albitb. 

The  pure  white  albite,  which  occurs  in  lenses  in  many  parts  of  this 
dike,  does  not  constitute  a  great  proportion  of  the  whole,  but  it  miist 
be  handled  in  quarrying,  and  hence  its  utilization  if  practical  is  impor- 
tant. It  is  friable  and  easily  crushed  in  the  hand  and  is  generally 
quite  free  of  associated  minerals.  In  order  to  remove  it  without 
danger  of  contamination,  especial  care  must  be  exercised  owing  to 
its  brittleness.  Tests  conducted  upon  average  samples  of  this  mate- 
rial indicate  that  it  has  a  deformation  temperature  of  1,250^  to  1,260^ 
C.  and  that  it  fuses  to  a  semitransparent  glass. 

PBOPEBTIES  IK  STANDARD  POBOBLAIN  mXTURE. 

In  the  standard  mixture  the  pure  albite  produces  vitiification  at  1,270^  and  at  1,330^ 
both  waxping  and  vesicular  structure  are  evident.  The  porcelain  is  a  typical  soda 
feldspar  porcelain.  At  1,330^  G.  the  total  shrinkage  is  13.4  per  cent  and  the  maes  has 
a  cream-white  color  by  transmitted  light  and  a  translucency  of  0.78.  The  color  of  the 
porcelain  is  not  altered  under  the  raw-lead  and  fritted  glazes. 

NORTH   CASTLE.      HOBBY   QUAEEY. 

The  Hobby  quarry  (69)  is  located  in  the  town  of  North  Castle  on 
the  west  bank  of  Mianus  River,  and  about  1|  miles  south  of  the 
Kinkel  quarry.  The  quarry  is  on  a  steep  east  slope  and  is  about  150 
feet  long.  The  dike  is  an  exceedingly  coarse  mixture  of  buff  micro- 
cline  and  massive  quartz,  the  quartz  constituting  more  than  50  per 
cent  of  the  whole.  The  feldspar  is  exceptionally  free  from  associate 
minerals  other  than  quartz,  except  fine  intergrowths  of  albite.  This 
quarry  has  not  been  exhausted  but  is  abandoned. 

Samples  of  the  buff  feldspar  which  constitutes  the  entire  feldspar 
content  of  this  quarry  show  a  deformation  rsinge  of  1,265®  to  1,275°  C. 
and  fuse  to  a  semitransparent  glass  free  from  tmt. 

PROPERTIES  IN  STANDARD  PORCELAm  MIXTURE. 

In  the  standard  porcelain  mixture  this  feldspar  vitrifies  at  1,270^  0.  and  at  1,330^  0. 
shows  very  slight  warping.  Fired  at  1,330^  C,  it  has  a  cream-white  color  by  trans- 
mitted light,  a  translucency  of  0.81,  and  a  total  shrinkage  of  14  per  cent.  The 
color  of  the  porcelain  is  equal  to  that  the  standard  trial  and  is  not  affected  by  the 
raw-lead  and  fritted  glazes. 

NORTH   CASTLE.      BULLOCK  QUARRY. 

The  Bullock  quarry  (70)  is  1^  miles  south  of  the  Kinkel  quarry  and 
one-half  mile  west  of  the  Hobby  quarry.  The  dike  where  exposed 
is  about  35  feet  wide  and  has  been  worked  for  a  distanoe  of  about 
60  feet  and  to  a  depth  of  about  30  feet.  It  strikes  northeast  and  dips 
northwest. 

At  the  time  this  property  was  inspected,  in  May,  1913^  the  exposure 
indicated  a  narrowing  of  the  dike  and  the  operator  predicted  a  muoh 
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reduced  production.  About  1,000  tons  of  feldspar  free  from  quartz 
has  been  shipped  from  this  quarry. 

The  dike  consists  ahnost  entirely  of  massive  buff  microcline,  the 
only  associate  minerals  being  insignificant  quantities  of  biotite.  and 
black  tourmaline  and  a  few  scattered  "  books  *'  of  muscovite.  Quartz 
is  present  only  in  isolated  lenses  of  sugar  quartz.  Graphic  granite 
and  pegmatite  are  practically  absent. 

This  feldspar  on  examination  is  found  to  contain  a  small  amoimt 
of  albite  crystallized  with  the  microcline.  It  has  a  deformation 
range  of  1,270^  to  1,280^  C.  and  fuses  to  a  semitransparent  glass  free 
from  tint. 

PROPEBTIES  IN  STANDARD  POBCSLAIN  MIXTURE. 

The  standard  porcelain  mixture  made  witli  this  feldspar  vitrifies  at  1,280^,  and  at 
1,330^  G.  no  warping  is  apparent.  Fired  at  1,330^  C,  it  has  a  cream- white  color  by 
transmitted  light,  a  translucency  of  0.76,  and  a  total  shrinkage  of  14  per  cent.  The 
color  is  equal  to  that  of  the  standard  trial  and  does  not  change  tmder  the  raw-lead 
and  the  fritted  glazes. 

PENNSTLYANUU 

DEULWABS  C0X7MTY. 
DABLINGTON.      DABLINGTON   QUABEY. 

The  Darlington  quarry  (71)  is  1  mile  northeast  of  Darlington. 

This  quarry  was  opened  for  feldspar  and  a  shallow  pit  has  been  dug 
into  the  dike.  It  was  later  worked  for  mica  by  means  of  shafts. 
The  workings  have  been  abandoned  and  the  shafts  filled  with  water, 
hence  no  opportunity  to  study  the  dike  is  provided.  About  the 
entrances  to  the  shafts  are  heaps  of  albite  pegmatite  and  a  small 
quantity  of  buff  microcline.  The  albite  pegmatite  carries  an  exces- 
sive amount  of  quartz  but  the  microcline  is  entirely  free  from  quartz. 

The  albite  pegmatite  has  a  deformation  range  of  1,300^  to  1,305^  C, 
and  at  1,310^  fuses  to  a  shapeless  mass  of  enamel-like  material. 

The  microcline  was  sampled  and  analyzed,  showing  the  following 
composition: 

Companticn  ofmicraclinefrom  Darlington  quarry. 

Per  cent. 

Ignition  loss 0. 12 

SiOa 64.70 

AljO, 19.60 

FejOa 03 

TnOa 

CaO 05 

MgO 

NajO 3.76 

K,0 11.87 

100.13 

It  has  a  deformation  range  of  1^280^  to  1,290^  C.  and  fuses  to  a 
semitransparent  glass  free  from  tint. 
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PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  porcelain  mixture  this  feldspar  produces  a  vitreous  mass  at  1,290*'  i\ 
and  at  1,330^  shows  no  warpage.  Fired  at  1,330^  G.,it  has  a  cream-white  color  by 
tranjimitted  light,  a  translucency  of  0.87,  and  a  total  shrinkage  of  13.4  per  cent. 

The  color  is  equal  to  that  of  the  standard  trial  and  is  not  altered  under  the  raw>Iead 
and  fritted  glazes. 

CHESTER  HEIGHTS.      CHESTER  HEIGHTS   QUARRY. 

The  Chester  Heights  quarry  (72)  is  one-fourth  mile  west  of  the 
raiboad  station  at  Chester  Heights  and  about  50  feet  above  the 
railroad. 

The  dike  strikes  northeast  and  dips  southeast.  It  averages  20  feet 
in  width  and  is  exposed  in  the  quarry  for  a  distance  of  about  160  feet. 
A  lai^e  proportion  of  the  dike  is  an  albite  pegmatite^  but  toward  the 
north  end  of  the  quarry  this  is  displaced  by  a  buff  microcline  pegma- 
tite in  which  the  quartz  is  of  the  smoky  variety.  In  many  places  the 
dike  contains  streaks  of  chlorite,  and  the  sorting  of  the  feldspar  must 
be  conducted  with  care  in  order  to  eliminate  this  material  and  also  to 
insure  the  complete  separation  of  the  buff  microcline  pegmatite  and 
the  white  albite  pegmatite.  In  the  south  end  of  the  quarry  the  albite 
pegmatite  is  considerably  altered,  resulting  in  a  kaolin-like  material^  but 
lacking  in  plasticity.  Small  quantities  of  cream  and  salmon  microcline 
were  noted,  but  not  in  commercial  quantity.  The  various  constituents 
of  this  dike  are  more  or  less  segregated,  thus  simplifying  quarrying,  but 
the  proportions  of  the  diflferent  ingredients  do  not  maintain  sufficient 
uniformity  to  permit  of  a  uniform  material  being  obtained  by  taking 
the  nm  of  the  quarry.  The  microcline  and  albite  pegmatites  were 
sampled  and  analyzed,  showing  the  following  chemical  compositions: 

Composition  o/microdine  and  of  albite  pegmatites  from  Chester  Heights  quarry. 


Ignition  loss per  cent- . 

SiOj do. . 

AljOj : do . . 

FejOa do.. 

TiOj do 

CaO do. ...    0.06  2. 75 

MgO do 

NaaO do....     2.00  6.33 

KjO do....    9.11  0.66 

99. 51  100. 46 

The  microcline  pegmatite  has  a  deformation  range  of  1,290^  to 
1,310^  C.  and  fuses  to  semitransparent  glass  of  a  faint  cream  tint. 

The  albite  pegmatite  has  a  deformation  range  of  1,290®  to  1,295° 
and  fuses  at  1,300®  to  a  shapeless  mass  of  white  enamel. 


Microcline 

Albite 

pegmatite. 

pegmatite. 

0.33 

0.42 

73.35 

74.60 

14.60 

15.66 

0.06 

0.05 

.J 


<N 


.  / 
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PROPERTIES  IN   STANDARD  PORCELAIN  MIXTURE. 

Mieroeline, — In  the  standard  mixture  the  microcline  pegmatite  vitrifies  at  1,300^, 
and  at  1,330^  C.  does  not  show  warping.  Fired  at  1,330^  it  has  a  total  shrinkage  of  11.8 
per  cent,  a  cream  color,  and  a  translucency  of  0.86.  The  color  is  slightly  inferior  to 
that  of  the  standard  trial.    It  is  not  altered  under  the  raw-lead  and  fritted  glazes. 

Albite, — In  the  standard  porcelain  mixture  the  albite  pegmatite  vitrifies  at  1,300^, 
and  at  1,330^  shows  slight  warping.  Fired  at  1,330^  it  has  a  total  shrinkage  of  10.4  per 
cent,  a  cream  color,  and  a  translucency  of  0.79.  The  color  is  a  good  white,  but  the 
porcelain  is  a  characteristic  soda-feldspar  porcelain  and  lacks  the  brilliant  fractiire  of 
the  potash-feldspar  porcelains.  Under  the  raw-lead  and  fritted  glazes  the  color  is 
unaltered. 

CHELSEA.   BUNTING  QUABRT. 

Midway  between  Chelsea  and  Boothwyn  station  is  the  old  Bunting 
quarry  (73),  which  has  been  abandoned  for  many  years.  It  is  reported 
as  having  produced  a  high  grade  of  potash  feldspar,  but  the  exposure 
shows  only  low-grade  pegmatite. 

BOOTHWYN.      HALSET  QUABRY. 

The  Halsey  quarry  (74)  is  1  mile  northwest  of  Boothwyn  station, 
on  the  west  side  of  the  Boothwyn-Chelsea  road.  This  quarry  has 
been  worked  intermittently  for  the  past  15  years.  It  never  has  been 
a  large  producer,  and  the  workings  cover  only  an  area  of  about  100 
square  yards.  No  work  has  been  done  here  for  several  years.  The 
dike  consists  of  a  coarsely  crystalline  pegmatite  similar  to  the  Chester 
Heights  quarry.  The  clean  buff  pegmatite  and  pure  feldspar  has  all 
been  removed  from  the  quarry,  and  only  a  small  amount  of  mixed 
pegmatite  and  some  albite  pegmatite  is  in  sight. 

BOOTHWYN.      BOOTHWYN  QUABBY. 

The  Boothwyn  quarry  (75)  is  one-half  mile  west  of  Boothwyn 
village,  on  the  Boudwin  farm,  on  the  east  bank  of  Naaman  Creek. 
The  quarry  is  now  filled  with  water  and  continuous  pumping  would 
be  necessary  if  operations  were  resumed.  In  this  quarry,  which  ex- 
poses a  dike  nearly  40  feet  wide,  the  feldspar  is  a  dark  buff  microcline 
pegmatite  of  which  a  great  part  is  graphic  granite.  There  is  little 
mica  and  no  black  tourmaline  present  in  any  of  the  exposed  faces  or 
on  the  dump  heaps.  As  the  quarry  was  filled  with  water  to  a  level 
with  the  creek  bed,  a  thorough  inspection  was  impossible. 

Just  west  of  the  creek  a  small  pit  on  a  knoll  has  exposed  a  dike  of 
albite  pegmatite  of  good  quality  and  apparently  very  free  from 
impurity.  The  opening  is,  however,  too  small  to  prove  anything 
beyond  the  presence  of  the  albite  pegmatite. 

The  buff  microcline  was  tested  and  has  a  range  of  deformation  of 
from  1,295^  to  1,310^  and  fuses  to  a  semitransparent  glass  of  pale 
cream  tint. 
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The  albite  pegmatite  was  tested  and  has  a  deformation  range  of 
1,300''  to  l.SOS''  C,  and  fuses  at  1^310^  C.  into  a  shapeless  mass 
of  opaque  white  enamel. 

In  the  standard  mixture  the  albite  pegmatite  vitrifies  at  1,310^  G.  and  no  warping 
is  noted  at  1 ,330° .  Fired  at  1 ,330°  it  has  a  total  shrinkage  of  12.6  per  cent  and  a  cream 
translucency  of  0.77.  The  color  of  the  porcelain  is  good,  but  it  lacks  the  brilliancy 
of  fracture  of  the  potash-feldspar  porcelains. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURB. 

In  the  standard  porcelain  mixture  the  microcline  vitrifies  at  1,300°,  and  at  1,330^  C. 
does  not  show  warping.  Fired  at  1,330°  0.  it  has  a  total  shrinkage  of  12.4  per  cent,  a 
cream  color,  and  a  translucency  of  0.79.  The  color  of  the  porcelain  is  not  quite  equal 
to  that  of  the  standard  trial,  but  is  fully  up  to  commercial  requirements.  It  is  not 
altered  under  the  raw-lead  and  fritted  glazes. 

ELAM.      BBANDYWINE   SUMMIT  QUABR7. 

The  Brandywine  Summit  quarry^  (76),  at  Elam,  1}  miles  south  of 
Brandywine  Summit  station,  was  the  largest  in  Pennsylvania,  cover- 
ing about  4  acres  and  extending  in  some  places  to  a  depth  of  100  feet. 
This  quarry  was  worked  for  kaolin  on  the  surface,  but  the  lower  levels 
were  unweathered  feldspar  and  were  very  coarsely  crystallized  with 
quartz,  yielding  a  great  amount  of  pure  feldspar  of  a  cream  to  flesh 
color.  The  main  dike  has  now  been  worked  out  and  abandoned  and 
the  pits  and  shafts  are  filled  with  water.  No  graphic  granite  was  re- 
ported from  the  main  quarry,  but  about  300  yards  east  of  this  a  dike 
of  graphic  granite  of  good  quaUty  is  being  opened.  This  dike  lies 
quite  flat  and  carries  a  considerable  content  of  weathered  material, 
but  this  can  easily  be  removed  in  quarrying.  The  more  solid  con- 
dition of  the  surface  material  would  indicate  that  fresh  feldspar  in 
quantity  may  be  looked  for  at  less  depth  than  in  the  original  quarry. 
The  dike  now  being  worked  is  not  so  large  as  the  one  formerly  worked 
and  may  be  a  stringer  of  that  dike.  The  feldspar  is  a  mixture  of 
buff  and  cream  microcline  with  intergrowths  of  albite  and  is  not  of 
sufficiently  coarse  crystallization  to  permit  of  the  elimination  of  the 
quartz. 

Numerous  outcrops  of  feldspar  and  pegmatite  are  noted  in  the 
neighborhood,  and  doubtless  this  district  is  capable  of  producing 
much  more  feldspar,  although  another  deposit  as  large  as  the  original 
quarry  is  not  looked  for. 

The  graphic  granite  at  the  new  opening  was  sampled  and  tested 
and  shows  a  deformation  range  of  1,300®  to  1,310®  C.  It  fuses  to  a 
sUghtly  milky  glass  with  a  faint  cream  tint. 

a  For  a  description  of  this  deposit  see  Bastin,  £.  8.,  Economic  geology  of  tfae  feldspar  deposits  of  the 
United  States:  Bull.  420,  U.  S.  Geol.  Survey,  1910,  pp.  70-71. 
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PROPBBTIES  IN   STANDARD  PORCELAIN   MIXTURE. 

In  the  standard  mixture  this  feldspar  vitrifies  at  1,310^,  and  at  1,330^  shows  no 
warpage.  Fired  at  1,330°  it  has  a  total  shrinkage  of  12  per  cent^  a  cream  color,  and  a 
translucency  of  0.80.  The  color  of  the  porcelain  is  hardly  equal  to  that  of  the  standard 
trial  but  is  equal  to  that  of  the  product  of  commercial  feldspar.  Under  the  raw-lead 
and  fritted  glazes  the  color  is  unaltered. 

CHESTEB  COUNTY. 
MENDENHALL.      OLD   WALKER  QUARRY. 

The  old  Walker  quarry  (77)  is  about  2  miles  east  of  Mendenhall 
station.  This  quarry,  which  is  now  abandoned,  is  120  feet  long,  80 
feet  wide,  and  at  least  50  feet  deep,  about  15  feet  being  under  water. 
White  albite  pegmatite  and  a  small  amount  of  buff  pegmatite  show 
in  the  walls  above  the  water  line,  and  the  dimips  contain  about  equal 
proportions  of  these  two  pegmatites.  This  quarry  is  on  the  east 
side  of  the  highway,  which  runs  northeast  at  this  point,  and  is  about 
40  feet  below  the  floor  of  the  new  Walker  quarry. 

MENDENHALL.   NEW  WALKER  QUARRY. 

The  new  Walker  quarry  (78)  is  about  2  miles  east  of  Mendenhall 
station  and  300  yards  southwest  of  the  old  Walker  quarry.  This 
quarry  is  on  the  west  side  of  the  highway,  which  runs  tlyough  a 
ravine  at  this  point,  and  is  opened  at  a  level  about  50  feet  above  the 
road.  It  is  in  a  dike  about  25  feet  wide  which  consists  of  a  coarse 
mixture  of  pure  buff  microcline  feldspar,  buff  microcline  pegmatite, 
and  white  albite  pegmatite.  The  strike  follows  the  face  of  the  hill 
and  is  northeast.  The  dip  is  about  40°.  The  upper  strata  are 
almost  pure  buff  microcline,  the  middle  strata  are  buff  microcline 
pegmatite,  and  the  lower  strata  are  white  albite  pegmatite.  The 
quartz  in  the  pegmatites  is  clear,  but  the  deposit  contains  many 
lenses  of  granular  smoky  quartz.  Muscovite  in  large  and  small 
''books''  is  very  common,  and  to  insure  its  elimination  careful  sort- 
ing would  be  necessary.  Very  little  biotite  or  garnet  and  no  tour- 
maline were  noted  in  this  quarry,  which  when  inspected  was  25  feet 
deep  and  50  feet  long. 

The  buff  microcline  of  the  pegmatite  and  the  pure  buff  feldspar 
were  tested  and  found  to  possess  the  same  physical  properties.  The 
pure  buff  microcline  has  the  following  composition. 
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Ctmiposition  of  pure  huff  microeliTie  from  new  Wcdier  quarry. 

Percent. 

Ignition  lofls 0. 21 

SiOj 64.36 

AlA : 20.01 

FeaOa 20 

TiO, 

CaO 46 

MgO 

NaaO 2.48 

KjO 12.44 

100.16 

It  has  a  deformation  range  of  1,280^  to  1,295^  C.  and  fuses  to  a 
semitransparent  glass  free  from  tint. 

The  albite  pegmatite  was  sampled  and  analyzed,  showing  a  com- 
position as  follows: 

Composition  of  aUnU  pegynatite  from  new  Walker  quarry. 

Percent. 

Ignition  loss 0. 60 

SiOa 67.93 

AlA 20.49 

FeaOj 30 

TiOj 

CaO 2.60 

MgO 

NaaO 6.95 

KjO 80 

99.67 

It  has  a  deformation  range  of  1,300''  to  1,305**  C.  and  at  1,310''  C. 
is  fused  into  a  shapeless  mass  of  white  enamel. 

PROPERTIB8  IN  STANDARD  PORCELAIN  MIXTURE. 

Microcline. — In  the  standard  porcelain  mucture  tliebu£f  microcLine  feldspar  vitrifies 
at  1,300""  C.  and  at  l^SSO""  shows  no  warpage.  Fired  at  1,330^  C.  the  total  shrinkage 
is  12.8  per  cent,  the  color  is  cream  white,  and  the  translucency  is  0.80.  The  color 
is  about  equal  to  that  of  the  standard  trial  and  is  not  altered  under  the  raw-lead  and 
fritted  glazes. 

Albite  pegmatite. — In  the  standard  porcelain  mixture  the  albite  pegmatite  vitrifies 
at  1,310"^  and  slightly  warps  at  1,330''  C.  Fired  at  1,330""  C.  the  porcelain  has  a 
total  shrinkage  of  11.8  percent,  a  cream  color  by  transmitted  light,  and  a  translucency 
of  0.80.  It  has  a  good  white  color  but  lacks  the  brilliancy  of  the  potash  feldspar 
porcelains.    The  color  is  not  altered  under  the  raw-lead  and  the  fritted  glazes. 

EMBBEEYILLE.   EMBREEYILLS  QUABRT. 

The  Embreeville  quarry  (79)  is  about  100  yards  north  of  the 
depot  at  EmbreeviUe.  The  dike^  has  been  opened  on  a  slight 
eminence  and  shows  on  both  sides  of  the  pit,  which  is  about  15  feet 

a  For  a  description  of  thjs  deposit  see  Bastin,  E.  S.,  Economio  geology  of  the  feldspar  deposits  of  tbe 
United  States:  Bull.  420,  U.  8.  Geol.  Survey,  1910,  p.  67. 
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deep  and  30  feet  in  diameter.  The  feldspar  of  this  dike  is  albite^ 
occurring  with  quartz  as  a  pegmatite.  No  microcline  is  exposed, 
and  no  work  has  been  done  here  recently  except  some  sampling 
which  had  apparently  been  done  just  prior  to  the  inspection  of  this 
property. 

This  albite  pegmatite  has  a  deformation  range  of  1,280°  to  1,285® 
C.  and  at  1,290®  is  fused  to  a  shapeless  mass  of  white  enamel. 

PBOPEBTIES  IN  STANDARD  POBGELAIN   MIXTURE. 

In  the  standard  porcelain  mixture  the  albite  pegmatite  vitrifies  at  1,290^  and  at 
1,330^  0.  shows  slight  warping.  Fired  at  1,330^  this  porcelain  has  a  total  shrinkage 
of  12.2  per  cent^  a  cream  color  by  transmitted  light,  and  a  translucency  of  0.78.  The 
color  is  a  good  white,  but  the  structure  shows  slighd  bloating.  The  raw-lead  and 
fritted  glazes  do  not  alter  the  color  of  the  ware. 

NEW  OABDEN.      LAFFEETY  QUARRY. 

The  LaflFerty  quarry  (80)  is  2  miles  southeast  of  ,New  Garden  on 
the  Wflmington  Pike.  The  quarry  is  located  within  a  few  rods  of 
the  Maryland  State  line.  The  dike  here  is  about  30  feet  wide  and 
has  been  exposed  to  a  depth  of  about  20  feet  and  for  a  distance  of 
about  40  feet.  The  chief  constituent  of  the  dike  is  a  pegmatite  con- 
sisting of  light  cream  microcline  and  dear  quartz,  and  generally 
occurring  as  a  finely  crystalline  graphic  granite.  Insignificant 
amounts  of  albite  pegmatite  were  noted  along  the  walls.  The 
quarry  is  remarkably  free  from  biotite  and  garnets,  a  small  amount 
of  muscovite  being  the  only  associate  mineral  noted  in  the  pegma- 
tite. Numerous  outcrops  of  similar  microcline  pegmatite  were 
noted  in  the  vicinity  of  this  quarry. 

The  graphic  granite  in  the  quarry  was  sampled  and  is  found  by 
analysis  to  have  the  following  chemical  composition: 

Composition  of  graphic  granite  from  Lafferty  qvuirry. 

Per  cent. 

Ignition  loss 0. 30 

SiOa 72.39 

AlaOj 15. 57 

Fe^O, 20 

TiOa 

CaO 13 

MgO 

Na^O 2.27 

K3O 9.55 

100.41 

It  has  a  deformation  range  of  1,290°  to  1,310®  C.  and  fuses  to  a 
semitransparent  mass  with  a  faint  cream  tint. 

4492«>— Bull.  92—16 11 
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PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  mixture  the  feldspar  vitrifies  at  1,300®  G.  and  at  1,330®  shows  no 
warping.  Fired  at  1,330®  G.  the  porcelain  has  a  total  shrinkage  of  11.8  per  cent,  a 
cream  white  color,  and  a  translucency  of  0.78.  The  color  of  the  porcelain  is  almost 
equal  to  that  of  the  standard  trial  and  does  not  alter  under  the  raw-lead  and  fritted 
glazes. 

POMEROT.      MEREDITH   QUARRY. 

The  Meredith  quarry  (81)  is  IJ  miles  northeast  of  Sadsburyville  and 
2 J  miles  north  of  Pomeroy.  The  deposit**  is  a  dike  of  varying  width, 
averaging  about  15  feet.  It  is  badly  folded  in  places  and  the  strike 
is  uncertain,  but  has  a  general  northeast  direction;  the  dip  is  east. 
The  feldspar  content  of  this  dike  varies  in  color  but  is  very  uniform 
in  physical  properties.  The  upper  part  of  the  dike  is  chiefly  a  flesh- 
colored  microcline  graphic  granite  of  very  fine  grain.  The  color  of 
the  feldspar  fades  with  depth  and  becomes  practically  white.  The 
quartz  content  of  this  graphic  granite  is  colorless  and  perfectly 
transparent.  At  a  depth  of  about  25  feet  lenses  of  pure  feldspar 
of  a  pale  cream  color  were  observed  at  several  points  in  the  quarry. 
At  the  time  of  visiting,  the  workings  were  about  200  by  60  feet 
and  had  a  maximum  depth  of  35  feet.  Biotite  and  tourmaline  are 
extremely  rare  in  this  quarry.  A  green  mica  is  the  chief  associate 
mineral  and  in  a  few  places  in  the  deposits  is  so  abundant  that  its 
elimination  is  not  practical.  The  quantity  of  feldspar  rendered  use- 
less on  account  of  the  presence  of  this  mica  is,  however,  not  sufficient 
to  seriously  mterfere  with  mming.  This  quarry  was  formerly  oper- 
ated for  pottery  feldspar  but  for  several  years  the  entire  output  has 
been  crushed  and  sold  as  poultry  grit. 

The  graphic  granite  of  this  quarry  was  sampled  and  analyzed  and 
shows  the  following  chemical  composition: 

C<mpo»itum  of  graphic  graniUfrom  Meredith  quarry. 

Percent. 

Ignition  loss 0. 24 

SiOa 67.87 

AlaO, 17.82 

FeaO, 15 

TiOa 

OaO 12 

MgO 

NaaO 3.33 

Kfi 10.93 

100.46 

This  graphic  granite  has  a  deformation  range  of  1,285®  to  1,300®  C. 
and  fuses  to  a  glass  which  is  almost  transparent,  and  has  only  a  faint 
cream  tint. 

a  For  a  description  of  this  deposit  see  Dastin,  £.  S.,  Economic  geology  of  the  feldspar  deposits  of  the 
United  States:  Bull.  420,  U.  S.  Oeol.  Survey,  1910,  p.  67. 
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PROPBBTIES  IN   STANDARD  PORCELAIN  HIXTtmS. 

In  the  standard  mixture  this  feldspar  vitrifies  at  1,290^  and  at  1,330°  C.  no  warping 
IS  apparent.  Fired  at  1,330^  C.  the  total  shrinkage  is  11.6  per  cent,  the  porcelain  has 
a  light  cream  color,  and  a  translucency  of  0.84. 

'Hie  color  of  the  porcelain  is  almost  equal  to  that  of  the  standard  trial  and  is  not 
altered  under  the  raw-lead  and  the  fritted  glazes. 

CHATHAM.   CHATHAM  QUARRY. 

The  Chatham  quarry  is  three-fourths  of  a  mile  northeast  of 
Chatham  village.  The  deposit  (82) »  is  a  pegmatite  of  very  irregular 
structure  but  containing  chiefly  a  pale  flesh-colored  microcline  inter- 
grown  with  white  quartz.  Small  flakes  of  muscovite  and  biotite  are 
scattered  through  some  parts  of  this  dike,  whereas  other  parts  are 
practically  free  from  mica.  Much  massive  sugar  quartz  and  very 
little  of  the  albite  pegmatite  is  noted.  A  pit  approximately  100  by 
100  feet  and  more  than  40  feet  deep  has  been  opened^  but  the  dike  lies 
very  flat  here  and  the  overburden  increases  so  rapidly  with  depth  that 
tunneling  was  resorted  to  in  order  to  reduce  mining  expense.  This 
also  was  found  impracticable  and  operations  have  been  suspended. 
Owing  to  the  pit  being  partly  filled  with  water  a  satisfactory  sampling 
of  this  deposit  was  impossible.  An  average  sample  of  the  feldspar 
exposed  in  the  walls  and  found  in  the  dumps  has  a  deformation  range 
of  1,300°  to  1,315*^  C.  and  fuses  to  a  semitransparent  glass  free  from 
tint. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  porcelain  mixture  this  feldspar  vitrifies  at  1,310°  C.  and  shows  no 
warping  at  1,330°  C.  Fired  at  1,330°  C .  the  porcelain  has  a  total  shrinkage  of  12.6  per 
cent,  a  cream  color  by  transmitted  light,  and  a  translucency  of  0.79.  The  color  of  the 
porcelain  is  almost  equal  to  that  of  the  standard  trial  and  is  fully  equal  to  that  of  com- 
mercial porcelain.    It  is  not  altered  imder  the  raw-lead  and  fritted  glazes. 

TOUGHKENAMON.      JENKINS   QUARRY. 

The  Jenkins  quarry  is  1^  miles  north  of  Toughkenamon.  The 
deposit  (83)  is  a  dike  which  strikes  east  and  west  and  dips  southeast. 
The  quarry  is  on  a  north  slope  and  exposes  the  dike  for  a  distance  of 
about  50  feet.  The  feldspar  is  chiefly  coarse  buff  and  salmon  micro- 
cline pegmatite,  with  a  small  quantity  of  white  albite  pegmatite. 
Very  little  massive  quartz  is  noted.  The  chief  impurities  are  the 
micas.  The  albite  pegmatite  contains  small  flakes  both  of  muscovite 
and  of  biotite,  whereas  only  muscovite  is  noted  in  the  microcline  peg- 
matite, and  it  is  confined  to  limited  zones.  This  quarry  was  inactive 
at  the  time  of  visiting.  The  microcline  pegmatite  was  sampled  and 
tested.  It  has  a  deformation  range  of  1,280^  to  1,295^  C.  and  fuses 
to  a  semitransparent  mass  with  a  faint  yellow  tint. 

•  For  a  description  of  this  deposit  see  Bastin,  E.  S.,  Ecanomic  geology  of  the  feldspar  deposits  of  the 
United  States:  Boll.  420,  U.  S.  Oeol.  Survey,  1910,  pp.  66-66. 
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propbrubs  in  standard  porcelain  mizturb. 

In  the  standard  mixture  the  microcline  pegmatite  vitrifies  at  1,290°  C.  and  at 
1,330%  no  warping  is  apparent.  Fired  at  1,330°  C.  it  has  a  total  shrinkage  of  11.2  x)er 
cent,  a  cream  color,  and  a  translucency  of  0.85.  The  color  of  the  porcelain  is  slightly 
inferior  to  that  of  the  standard  trial  and  is  not  altered  by  application  of  the  raw-lead 
and  fritted  glazes. 

TOUOHKENAMON.      GARPENTEB  QUABBT. 

The  Carpenter  quarry  (84)  is  H  miles  north  of  Toughkenamon  and 
just  west  of  the  Jenkins  quarry.  The  deposit  ^  is  a  dike  which  at  this 
point  is  about  30  feet  wide  and  has  a  north  and  south  strike.  Numerous 
stringers  from  this  dike  have  been  located  and  the  pegmatite  removed 
from  them.  The  main  deposit  and  the  adjacent  stringers  have  been 
worked  out  for  several  years,  and  at  present  the  operation  consists  of 
forking  over  the  dump  heaps  from  the  original  workings.  In  this  way 
a  considerable  amount  of  marketable  pegmatite  is  obtained.  The 
pegmatite  of  the  main  dike  is  reported  as  being  a  very  coarse  mixture 
of  microcline  and  quartz,  but  the  few  stringers  exposed  in  this  neigh- 
borhood indicate  a  fine-grained  p^matite,  carrying  a  small  amount 
of  albite.  Biotite  is  practically  absent  and  muscovite  is  present 
chiefly  as  small  flakes  intimately  intermixed  in  the  pegmatite. 

The  microcline  p^matite  was  tested  and  foimd  to  have  a  deformar- 
tion  range  of  1,275^  to  1,290^  C.  and  fuses  to  a  semitransparent  mass 
of  a  pronounced  cream  color. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  porcelain  mixture  the  pegmatite  litrifies  at  1,290°  C.  and  at  1,330°  C. 
shows  no  warping.  Fired  at  1,330°  C.  it  has  a  total  shrinkage  of  11  per  cent,  a  cream 
color  by  transmitted  light,  and  a  translucency  of  0.75.  The  color  of  the  porcelain  is 
slightly  inferior  to  that  of  the  standard  trial,  and  it  is  not  altered  under  the  raw-lead 
and  fritted  glazes. 

BAKEB.   THOMPSON  QUABBT. 

The  Thompson  quarry  *  (85)  is  located  three-quarters  of  a  mile 
east  of  Baker  station  and  1^  miles  northwest  of  Avondale.  Opera- 
tions here  have  been  abandoned  and  no  evidenoe  of  feldspathic 
material  is  visible,  except  small  lumps  of  very  clean  microcline  peg- 
matite in  the  dumps.  This  pegmatite  is  practically  free  from  biotite 
and  the  muscovite  present  is  confined  to  lumps  of  gneiss,  which 
constitute  a  proportion  of  the  dike  about  equal  to  that  of  the 
feldspar. 

a  For  a  description  of  this  deposit  see  B«stin,  E.  8.,  Economic  geoloRy  of  the  United  Btstes:  BoIL  420, 
U.  B.  Geol.  Survey,  1910,  p.  66. 
^  See  Bastin,  E.  S.,  Op.  cit.,  p.  65. 
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AYONDALE.      HICKS   QUABRT. 

The  Hicks  quarry  (86)  is  located  2  miles  north  of  Avondale  and 
almost  due  north  of  the  Thompson  quarry.  Narrow  dikes  with  a 
general  north  and  south  strike  have  been  opened  by  shallow  pits, 
showing  a  semiweathered  albite  pegmatite  and  a  solid  microcline  peg- 
matite in  about  equal  quantity.  Only  a  few  tons  of  material  have 
been  removed  and  no  work  was  being  done  at  the  time  of  inspection. 
Both  the  albite  and  the  microcline  pegmatite  are  contaminated  by 
small  flakes  of  biotite,  but  the  exposures  are  merely  in  the  capping 
of  the  dikes  and  can  not  be  taken  as  indicative  of  the  composition 
of  the  dike  at  greater  depths.  The  microcline  pegmatite  is  com- 
posed of  a  mixture  of  buff  and  salmon  feldspar  and  gray  quartz, 
and  a  sample  of  this  pegmatite  was  taken.  It  could  not  be  cleaned 
of  its  biotite  content  but  was  tested  for  deformation  range,  which  was 
found  to  be  1,285^  to  1,290®  C.  The  impurity  present  produces 
on  fusion  a  yellow  glass  containing  a  large  amoimt  of  imdissolved 
biotite. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  mixtuie  this  pegmatite  produces  vitri^cation  at  1,290^  and  at 
1,330°  0.  shows  no  warpage.  The  total  shrinkage  is  11.2  per  cent  and  the  translucency 
is  0.59.  The  color  of  the  x>orcelain  is  faulty,  due  to  the  biotite  present  in  the  ground 
feldspar. 

BAKEB  STATION.      FELD8PAB  QUABBIE8. 

These  quarries  (87)  are  located  on  the  property  of  the  Pennsyl- 
vania Marble  &  Granite  Co.^  and  on  adjacent  property  ^  at  Baker 
station.  The  deposit  is  a  dike  of  varying  width  but  never  exceeding 
25  feet  and  is  composed  of  a  fine-grained  pegmatite  intermixed 
with  a  gneiss  in  about  equal  parts.  Both  muscovite  and  biotite 
are  present  and  render  part  of  the  pegmatite  worthless.  There  are 
three  openings  but  none  of  them  have  been  operated  for  several 
years. 

The  feldspar  content  of  the  pegmatite  is  a  cream  microcline  with 
intergrowths  of  albite  in  amoimt  equal  to  the  microcline.  A  con- 
siderable quantity  of  this  pegmatite  remains  at  the  side  of  the  largest 
pit,  and  this  was  sampled  and  tested.  It  has  a  deformation  range  of 
1,270®  to  1,280°  and  fuses  to  a  semiopaque  slightly  creamy  mass. 

PROPBRTISS  IN   STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  mixture  the  above  feldspar  vitrifies  at  1^280°  C.  and  shows  distinct 
warpage  at  1,330"  G.  Fired  at  1,330''  C.  the  total  shrinkage  is  11.6  per  cent,  the 
translucency  is  0.74,  and  the  color  is  cream.  The  color  of  the  porcelain  is  sUghtly 
inferior  to  that  of  the  standard  trial  and  is  not  altered  by  the  raw-lead  and  the  fritted 
glazes. 

•  For  a  description  o(  this  deposit  aee  Bastin,  E.  S.,  EcooomJc  gwlQgy  of  the  leldqMur  deposits  of  the 
Unitod  States:  Bull.  420,  U.  8.  Geol.  Surrey,  1910,  p.  64. 
»  See  Bastin,  E.  S.,  Op.  dt,  p.  66. 
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AVONDALE.      COOPER   QUARRIES. 

The  Cooper  quarries  (88)  are  1  mile  southwest  of  New  Garden  post 
office  and  1^  miles  southeast  of  Avondale.  Two  quarries  have  been 
opened  on  the  property  about  400  yards  apart.  The  structure  is 
similar  in  these  pits  and  as  they  are  on  the  strike  of  the  dike,  which 
is  north  and  south,  they  doubtless  represent  two  lenses  in  the  same 
dike.  Both  exposures  show  a  pink  microcline  pegmatite  contain- 
ing smoky  quartz  and  remarkably  free  from  biotite  or  other  iron- 
bearing  impurity.  Muscovite  is  present  in  very  limited  quantity. 
A  white  albite  pegmatite  is  present  but  is  confined  to  the  regions 
along  the  walls  of  the  dikes.  The  dike  at  both  quarries  is  about 
20  feet  wide  and  has  been  opened  for  a  distance  of  about  30  feet  in 
each  case.  The  south  pit  has  been  abandoned  for  some  time  and 
is  partly  filled  by  the  caving  of  the  walls.  The  north  pit  has  been 
worked  recently  and  much  good  feldspar  is  in  sight.  The  pink 
microcline  pegmatite  of  this  pit  was  carefully  sampled  and  tested. 
It  has  a  deformation  range  of  1,280®  to  1,295®  and  fuses  to  a  semi- 
transparent  glass  of  a  faint  cream  color. 

PROPERTIES  m  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  porcelain  mixture  this  pegmatite  vitrifies  at  1,290^  0.  and 
at  1,330^  0.  shows  no  warpage.  Fired  at  1,330°  G.  the  total  shrinkage  is  12  per  cent, 
the  color  is  cream  by  transmitted  light,  and  the  translucency  is  0.72.  The  color  is 
slightly  inferior  to  that  of  the  standard  trial  and  is  unaltered  under  the  raw-lead  and 
fritted  glazes. 

SYI^MAR.      BRANDYWINE   QUARRY. 

A  number  of  quarries,**  of  which  the  majority  are  now  abandoned, 
are  located  within  a  radius  of  2  miles  west  and  north  of  Syhnar,  Md., 
in  Chester  County,  Pa.,  and  Cecil  County,  Md.  The  largest  quarry 
at  present  operating  is  the  Brandywine  quarry  (89),  1  mile  north  of 
Sylmar  station.  It  consists  of  numerous  small  pits  on  an  irregular 
and  extremely  lenticular  dike.  The  deposit  has  an  entirely  different 
structure  from  any  other  feldspar  deposit  thus  far  described.  The 
mass  of  the  dike  is  a  coarsely  crystalline  albite,  free  from  quartz 
and  containing  a  few  isolated  crystals  of  muscovite  and  hornblende. 
The  walls  of  the  dike  contain  at  frequent  intervals  narrow  bands  of  a 
hydrated  magnesium  aliuninum  silicate.  The  dike  here  has  a  width 
of  about  20  feet  and  has  been  in  several  places  opened  for  a  distance 
of  about  100  feet.  There  is  no  variation  with  depth  as  is  the  case  in 
most  pegmatite  dikes  carrying  potash  feldspars,  and  quarrying  has 
continued  for  a  depth  of  60  to  80  feet  which  in  this  narrow  dike  makes 
the  problem  one  of  shafting  rather  than  quarrying.    The  albite 

a  For  a  description  of  these  deposits  see  Bastin,  E.  8.,  Economic  geology  of  the  feldspar  deposits  of  the 
United  states:  Bull.  420,  U.  8.  Oeol.  Survey,  1910,  pp.  6&-70. 
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occurs  in  three  forms — (a)  as  lenses  of  milk-white,  massive  rock  of 
concoidal  fracture,  (b)  as  lenses  of  cream-colored  rock  of  irregular 
fracture,  and  (c)  as  a  granular  gray  rock  consisting  of  semiopaque 
crystals  of  albite.  The  milk-white  and  the  cream-colored  rocks  con- 
stitute the  majority  of  the  deposit.  All  these  albites  become  pure 
white  on  calcining,  which  is  a  treatment  to  which  all  soda  feldspar  is 
subjected  before  grinding. 

The  milk-white  and  cream  albite  was  carefully  sampled  and 
analyzed,  showing  the  following  chemical  composition: 

Compointion  of  albite  from  Brandyvnne  qtumry. 

Per  cent. 

Ignition  loss 0. 83 

SiO, 67.47 

AI2O3 20.05 

FeA 15 

TiOa 

CaO 24 

MgO 

Na/) 9.74 

K2O 86 

99.34 

This  albite  has  a  deformation  range  of  1,270*^  to  1,280®  C.  and 
fuses  to  a  semitransparent  glass  free  from  tint  at  1,290®  C. 

PBOPERTIES  IN  STANDARD  POBCBLAIN  MIXTURE. 

In  the  standard  porcelain  mixture  this  feldspar  vitrifies  at  1,280°  and  at  1,330°  C. 
produces  slight  warpage .  Fired  at  1 ,330°  C .  the  total  shrinkage  is  12  per  cent,  the  trans- 
lucency  is  0.82,  and  the  color  is  cream  white.  The  porcelain  is  almost  equal  to  the 
standard  trial  as  regards  color,  but  on  being  struck  it  gives  off  a  duU  sound  typical  of 
soda  feldspar  porcelains. 

The  magnesium  almninum  silicate  which  occurs  along  the  walls 
of  this  dike  has  the  following  composition: 

Composition  of  magnesium  aluminum  silicate. 

Percent. 

Ignition  loss 17. 30 

SiOj 45. 46 

Al  A 13. 40 

FeaOg 05 

TiO, 04 

CaO 08 

MgO 23.28 

NaaO 16 

K^ .  30 


100.07 

This  mineral  is  crystalline  m  character  and  on  calcination  becomes 
a  pure  white.  That  it  has  been  employed  to  some  extent  or  at  least 
not  eliminated  from  the  albite  in  the  sorting  process  is  evidenced  by 
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the  fact  that  analysis  of  the  commercial  feldspars  of  this  region 
invariably  show  a  content  of  MgO,  which  according  to  the  analysis 
given  above  is  not  present  in  either  the  milk-white  or  cream  albite 
of  this  district. 

STLMAR.  NEW  BBANDYWINE  QUARRT. 

About  one-half  mile  southwest  of  quarry  (89),  the  same  company 
has  just  opened  a  new  quarry  (90)  on  a  number  of  small  stringers  of 
the  main  deposits  which  are  one-f omth  mile  west.  These  stringers 
are  only  6  to  10  feet  wide  where  opened,  but  may  expand  toward  the 
west.  Only  the  surface  has  been  removed  but  the  material  exposed 
appears  similar  in  every  way  to  that  of  the  formation  described 
above. 

STLMAR.   OLD  BRANDTWINE  QUARRT. 

The  old  Brandywine  quarry  (91)  one-fourth  mile  west  of  quarry 
(90)  of  this  company  and  li  miles  by  road  northwest  of  Sylmar. 
This  quarry,  which  is  now  abandoned  and  is  reported  as  exhausted, 
was  an  enormous  lens  of  albite  similar  to  that  found  in  the  smaller 
dikes  now  being  worked  to  the  east  of  this  quarry.  Bastin**  de- 
scribes this  deposit  as  a  single  dike  striking  northwest  and  exposed 
for  a  distance  of  200  feet  to  a  depth  of  about  80  feet.  The  dike 
expands  from  a  width  of  12  feet  at  the  south  end  to  about  80  feet  at 
the  north  end.  The  wall  rock  is  serpentine  with  a  band  of  blue- 
green  slate  about  1  foot  thick  along  the  wall  contacts.  This  quarry 
was  entirely  filled  with  water  and  no  inspection  was  possible. 

SYLMAR.      OLD   KETSTONE   QUARRT. 

The  old  Keystone  quarry  (92)  is  about  one-half  mile  south  of  the 
old  Brandywine  quarry  and  almost  due  west  from  Sylmar  station. 
This  quarry  is  abandoned;  the  deposit,  reported  to  be  exhausted,  was 
an  enormous  lens  similar  in  all  respects  to  the  old  Brandywine  quarry. 
The  pit,  which  was  reported  to  be  filled  with  water  to  depth  of  80 
feet,  is  approximately  400  feet  long  and  150  feet  wide.  The  feldspar 
mined  is  reported  as  similar  to  that  mined  in  the  Brandywine  quarry. 

SYLMAR.      OLD   SPARVETTA   QUARRT. 

The  old  Sparvetta  quarry  is  located  about  300  yards  northwest  of 
the  old  Keystone  quarry  on  what  was  doubtless  the  same  dike  but 
another  lens.  The  pit,  which  has  filled  with  water,  has  a  surface  area 
of  500  feet  by  150  feet.  This  quarry  produced  an  enormous  quantity 
of  albite  of  a  quahty  not  differing  widely  from  that  obtained  from  the 
other  quarries  in  the  immediate  neighborhood. 

a  Bastin,  E.  S.,  Eoonomic  geology  of  the  feldspar  deposits  of  the  United  States:  BulL  120,  U.  8.  Qeol. 
Survey,  1010,  p.  09. 
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MABYIAND. 

CECIL  COUNTY. 

OONOWINGO.      KOCK  SPRING  QUARBY. 

The  Rock  Spring  quarry  (93),  is  about  3  J  miles  northeast  of  Cono- 
wingo,  near  the  village  of  Rock  Springs.  This  quarry  was  reported 
by  Bastin  ^  as  a  small  operation  and  has  now  been  abandoned  for 
several  years.  No  evidence  of  commercial  feldspar  is  to  be  seen,  as 
the  pit  has  filled  by  cavings  from  the  walls,  thus  covering  the  walk. 
The  feldspar  mined  was  a  fine  grade  of  albite,  but  the  quantity  ob- 
tained is  reported  too  small  to  justify  operations. 

OONOWINGO.      BALD  FRIAR  QUARRY. 

The  Bald  Friar  quarry  (94)  is  located  on  a  steep  bluiSf  on  the  east 
side  of  the  Susquehanna  River  at  Bald  Friar,  1^  miles  north  of 
Conowingo.  The  feldspar  occurs  here  in  a  series  of  sharply  defined 
dikes  6  to  12  feet  wide  and  varying  from  25  to  100  feet  long.  The 
dike  material  is  chiefly  talc,  with  small  lenses  of  pure  white  albite  of 
excellent  quahty  occurring  at  frequent  intervals.  No  quartz,  mica, 
or  hornblende  was  encountered  in  mining  this  material.  The  talc 
has  been  exhausted,  and  the  small  amoimt  of  feldspar  still  exposed 
would  not  justify  mining. 

This  feldspar  was  tested  and  foimd  to  have  a  deformation  range  of 
1,270''  to  1,280*"  C.  At  fuses  at  1,290''  C.  to  a  semitransparent  mass 
free  from  tint. 

PBOPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  porcelain  mixture  this  albite  vitrifies  at  1,280^  C,  and  at  1,330°  0. 
shows  slight  warpage.  Fired  at  1,330°  G.  the  total  shrinkage  is  12.4  per  cent  and  the 
color  is  cream  i^  hite  and  the  translucency  is  0.82.  The  color  of  the  porcelain  is  excel- 
lent, but  the  structure  is  distinctly  vesicular  and  the  absence  of  the  potash  feldspar  is 
evident. 

BALTIMOBE  C0X7NTY. 

GRANITE.      GIFFORD   QUARRY. 

The  Gifford  quarry  (99)  is  located  on  the  south  side  of  the  branch  of 
the  Baltimore  &  Ohio  Railroad  which  runs  to  Granite,  and  is  1  mile 
from  the  main  line.  The  quarry  is  in  a  dike  about  30  feet  wide,  which 
is  composed  of  a  mixture  of  buff  and  pale  cream  pegmatite.  Both  are 
microcline  pegmatites  but  the  buff  is  present  in  by  far  the  largest 
quantity.  A  small  amount  of  salmon  microcline  pegmatite  is  also 
observed,  but  does  not  constitute  an  important  proportion  of  the 
output.  The  only  associate  minerals  are  muscovite  and  biotite, 
which  are  present  in  small  flakes  and  in  small  amoxmt  only.  Most 
of  the  mica  can  be  removed  by  careful  sorting. 

•  Bastin,  E.  8.,  Economic  geology  of  the  feldspar  deposits  of  the  United  States:  Bull.  420,  U.  S.  Oeol. 
Survey,  1910,  pp.  76-77. 
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GRANITE.      PEACH   QUARRY. 

The  Peach  quarry  (100)  is  on  the  north  side  of  the  branch  of  the 
Baltimore  &  Ohio  Railroad  leading  to  Granite,  and  one-half  mile 
from  the  main  line.  This  quarry  is  in  a  dike  very  similar  to  that  Ln 
which  the  Giflford  quarry  is  opened.  A  small  amount  of  muscovite 
and  biotite  are  noted  but  no  lai^e  crystals  of  either  are  exposed  in 
this  quarry.  Numerous  small  dikes  or  stringers  from  the  main  dikes 
of  the  Peach  and  Gifford  quarries  have  been  worked  for  pegmatite 
in  this  inmiediate  vicinity  and  a  product  similar  to  that  of  the  main 
dikes  is  obtained.  The  two  large  quarries  were  the  only  ones  oper- 
ating at  the  time  of  visiting. 

A  sample  which  is  representative  of  the  pegmatite  of  the  dikes 
along  the  Granite  branch  of  the  Baltimore  &  Ohio  Railroad  shows  a 
deformation  range  of  1,290^  to  1,310^  C.  and  fuses  to  a  semitrans- 
parent  glass  with  a  faint  cream  tint. 

PBOPSRTIBS  IN   STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  porcelain  mixture,  this  pegmatite  vitrifies  at  1,300^  0.  and  at 
1,330^  G.  shows  no  warpage.  Fired  at  1,330^  0.  it  has  a  total  shrinkage  of  13.2  per 
cent,  a  cream  color  by  transmitted  light,  and  a  translucency  of  0.79.  The  color  of 
the  porcelain  is  slightly  creamy  as  compared  with  that  of  the  standard  trial,  and  is 
not  affected  by  the  raw  lead  and  fritted  glazes. 

DAVIS.      DIETZ  QUARRY. 

The  Dietz  quarry  (102)  is  one-half  mile  east  of  Davis  and  150 
yards  north  of  the  railroad,  between  Davis  and  Dorseys  Kim.  This 
quarry  is  newly  opened,  and  at  the  time  the  writer  visited  it  only 
the  siirface  material  had  been  removed.  The  dike,  which  is  about  30 
feet  wide,  was  exposed  for  about  50  feet  along  the  strike,  which  is 
northeast.  The  dike  material  is  chiefly  a  buff  microline  pegmatite 
with  minor  quantities  of  albite  pegmatite.  The  associated  mineri^ 
are  massive  quartz,  in  very  small  amount,  and  muscovite,  also  in 
very  small  amoimt  only.  Biotite  or  other  iron-bearing  minerals 
have  not  been  exposed  in  sufficient  quantity  to  make  their  removal 
a  serious  problem. 

The  buff  microcline  pegmatite  was  sampled  and  tested.  It  has  a 
deformation  range  of  1,275°  to  1,290*^  C.  and  fuses  to  a  pale  cream 
glass  which  is  semitransparent. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  porcelain  mixture  this  pegmatite  vitrifies  at  1,280^  C.  and  at 
1,330^  C.  shows  slight  warpage.  Fired  at  1,330°  0.  the  porcelain  has  a  total  shrinkage 
of  12.4  per  cent,  a  cream  color  hy  transmitted  Light,  and  a  translucency  of  0.83.  The 
porcelain  shows  a  slight  cream  tint  in  comparison  with  the  standard  trial,  hut  this  is 
not  intensified  hy  the  application  of  either  the  raw-lead  or  the  fritted  glaze. 


OHEMIGAL  ANALYSES  OF  SAMPLES.  161 

ILCHESTER.      ILCHESTEB  QUABRT. 

The  Ilchester  quarry  (104)  is  located  on  the  hill  opposite  Ilchester. 
The  deposit  is  a  weathered  dike  in  which  one  of  the  constituents,  a 
dark  buff  microcline  pegmatite,  has  withstood  the  disint^rating 
action.  The  rest  of  the  dike  has  been  reduced  to  a  coarse  sand,  and 
the  solid  part  is  separated  by  forking  or  by  screening  the  dike  material. 
There  are  a  number  of  these  dikes  in  this  vicinity,  and  they  all  strike 
northeast.  The  solid  pegmatite  is  only  found  in  the  upper  parts  of 
the  dike,  the  material  below  a  depth  of  7  feet  being  completely 
weathered. 

Small  flakes  of  muscovite  and  biotite  are  scattered  through  the 
pegmatite,  but  not  in  lai^e  amount.  The  dark  buff  p^matite  was 
tested  and  found  to  have  a  deformation  range  of  1,290^  to  1,305°  C. 
It  fuses  to  a  yeUow  glass  which  is  semitransparent. 

PROPERTIES  IN   STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  porcelain  mixture  this  pegmatite  vitrifies  at  1,300^  0.  and  at  1,380^ 
0.  shows  slight  warping.  Fired  at  1,330°  C.  the  porcelain  has  a  total  shrinkage  of 
13  per  cent,  a  pronounced  yellow  color,  and  a  translucency  of  0.74.  The  color  of  the 
porcelain  is  a  pronounced  cream  and  becomes  yellow  under  the  raw-lead  and  the 
fritted  glasee. 

HOWARD  COXTNTY. 

MARRIOTTS VILLE.      ZEPP  QUARRY. 

The  Zepp  quarry  (95)  is  one-half  mile  south  of  the  depot  at  Mar- 
riottsville.  This  quarry  is  in  a  dike,  the  width  of  which  could  not  be 
determined,  but  from  indications  is  not  less  than  50  feet.  It  has  been 
proved  for  a  distance  of  one-half  mile  north  and  prospect  pits  indicate 
the  presence  of  what  is  probably  the  same  dike  about  one-half  mile 
south. 

This  quarry  was  just  opened  at  the  time  of  inspection  and  much 
surface  material  was  still  to  be  removed  before  the  extent  of  the 
deposit  would  be  exposed.  The  rock  uncovered  is  a  light  cream 
pegmatite,  chiefly  microcline  and  quartz,  with  small  intergrowths 
of  albite.  Biotite  is  observed,  but  this  can  be  removed  by  careful 
sorting  at  the  quarry. 

MARRIOTTSVILLE.      WARFIEIJ)  QUARRY. 

The  Warfield  quarry  (96)  adjoins  the  Zepp  quarry  on  the  north 
and  is  on  the  same  dike.  This  quarry  has  been  opened  longer  and  a 
better  opportunity  to  study  and  sample  the  deposit  was  afforded. 
The  dike,  which  was  exposed  for  a  distance  of  100  feet  and  a  width  of 
about  30  feet,  extends  under  the  highway;  hence  the  full  width  can 
not  be  worked.    The  dip  follows  the  slope  of  the  hillside  and  is  north- 
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west.  The  feldspar  is  a  cream-colored  microline  p^matite,  with 
which  is  associated  a  small  amoimt  of  albite.  This  dike  contains 
very  little  biotite^  but  a  band  of  sandstone  and  a  narrow  band  of 
limestone  show  in  the  quarry.  The  limestone  and  sandstone  are 
easily  removed,  however,  and  need  cause  no  contamination  in  min- 
ing. Massive  quartz  is  not  encoimtered  in  any  quantity  in  this  dike 
so  far  as  exposed. 

The  pegmatite  in  this  dike  was  sampled  and  analysis  shows  the 
composition  to  be  as  follows: 

Composition  of  pegmatite  from  Warfield  quarry. 

Percent. 

Ignition  loss 0. 39 

SiO, 65.83 

AljO, 19.48 

FeA 20 

TiOj 00 

CaO 00 

MgO 00 

NajO L87 

KiO II.  33 

99.10 

This  feldspar  has  a  deformation  range  of  1,295^  to  1,310^  C.  and 
fuses  to  a  semitraosparent  glass  with  a  pale  cream  tint. 

FROPBRTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  porcelain  mixture  this  feldspar  vitrifies  at  1,300*^  G.  and  at 
1,330*^  G.  shows  no  evidence  of  fusion.  Fired  at  1,330^  G.  it  has  a  total  shrinkage 
of  12.2  per  cent,  a  cream  color  by  transmitted  light,  and  a  translucency  of  0.80. 

The  color  of  the  porcelain  is  slightly  more  creamy  than  that  of  the  standard  trial 
and  does  not  alter  under  the  raw  lead  and  fritted  glazes. 

MARRIOTTSVILLE.      OLD   WARFIELD   QUARRY. 

The  Old  Warfield  quarry  (97)  is  due  north  from  the  new  Warfield 
quarry,  but  is  on  the  opposite  side  of  the  creek.  This  quarry  was  a 
good  producer  of  pegmatite  similar  to  that  of  the  new  quarry  and  an 
opening  30  feet  wide  and  20  feet  deep  has  been  made.  The  over- 
burden is  much  heavier  than  in  the  new  workings  and  the  quarry  has 
been  temporarily  abandoned  in  favor  of  the  new  quarry,  which  has 
only  a  thin  overburden. 

MARRIOTTSVILLE.      BAKER  QUARRY. 

The  Baker  quarry  (98),  is  one-fourth  mile  east  of  the  depot  at 
Marriottsville,  and  is  located  on  a  steep  slope  on  the  south  side  of 
the  railroad.  The  opening  is  about  20  feet  in  diameter  and  varies 
from  5  to  10  feet  in  depth.    The  pegmatite  exposed  is  similar  to  that 
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of  the  Zepp  and  Warfield  quarries.  The  only  iron-bearing  impurity 
in  the  pegmatite  is  a  small  quantity  of  biotite  which  could  easily  be 
eliminated  without  serious  loss  of  feldspar. 

MABRIOTTSYILLE.   FBENCH  QUARBY. 

Located  about  1  mile  northeast  of  MarriottsviUe  is  a  small  quarry 
similar  to  the  others  in  this  neighborhood.  In  this  quarry,  how- 
ever, a  considerable  amount  of  graphic  granite  is  exposed.  Musco- 
vite is  practically  absent  and  biotite  is  present  only  in  very  small 
quantity.  This  quarry  has  not  been  operated  for  some  time,  but 
tiie  deposit  is  not  exhausted. 

WOODSTOCK.   CAVEY  QUARBY. 

The  Cavey  quarry  (101)  is  three-fourths  mile  south  of  Woodstock. 
This  quarry  exposes  two  dikes;  one  is  a  light  buff  p^matite  dike  of 
very  solid  structure,  and  the  other,  at  least  as  far  as  opened,  is  a 
mixture  of  fresh  and  weathered  pegmatite,  and  to  the  casual  observer 
would  resemble  a  gravel  bank,  as  in  the  mining  the  soUd  feldspar  is 
separated  from  the  weathered  material  by  means  of  a  fork  similar  to 
that  used  in  handling  coal.  The  quarry  in  the  sohd  dike,  which  is 
15  feet  wide  and  is  almost  vertical,  is  about  30  feet  long  and  12  feet 
deep.  The  dike  consists  of  a  light  buff  microline  pegmatite  asso- 
ciated with  a  friable  white  albite  pegmatite.  The  chief  associate 
minerals  are  muscovite  and  biotite,  small  flakes  of  which  are  scat- 
tered through  the  pegmatite.  To  separate  these  minerals  from  the 
feldspar  would  be  extremely  difficult  owing  to  the  small  size  of  the 
flakes.  The  amount  present,  however,  is  so  small  that  it  does  not 
constitute  a  menace  to  the  feldspar  being  successfully  used  for  pot- 
tery manufacture. 

These  pegmatites  were  sampled  separately  and  analyzed,  showing 
the  following  chemical  compositions: 

Compantion  ofmicrocline  and  alhiU  pegmatite  from  Cavey  quarry. 


Ignition  loss per  cent 

SiOj do.. 

AljO, do.\ 

FejO, do.. 

TiOa do.. 

CaO do.. 

MgO do.. 

NaaO do.. 

KjO do. . 


MlcivcUne 

Albite 

pegmatite. 

pegmatite. 

. .     0. 13 

0.76 

..  74.20 

65.32 

..  14.30 

22.00 

..       .20 

.21 

..      .00 

.00 

..      .00 

3.78 

-.      .00 

.00 

..     1.59 

6.89 

..    9.48 

1.06 

99.90 

100.02 
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This  microcline  pegmatite  has  a  deformation  range  of  1,295^  to 
1,310^  C.  and  fuses  to  a  pale  cream  semitransparent  glass. 

The  albite  pegmatite  has  a  deformation  range  from  1,310°  C.  to 
1,315°  C.  and  at  1,320°  becomes  a  shapeless  mass  of  white  enamel. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

Microdine  peffmatiU. — In  the  standard  porcelain  mixture  this  microcline  pegmatite 
vitrifies  at  1,300^  0.  and  at  1,330^  0.  shows  no  warpage.  Fired  at  1,330*"  0.  the  porce- 
lain has  a  total  shrinkage  of  13  per  cent,  a  cream  color,  and  a  translucency  of  0.S4. 
The  color  is  slightly  more  creamy  than  that  of  the  standard  trial  and  is  unalteied 
under  the  raw-lead  and  the  fritted  glazes. 

Albite  pegmatite. — In  the  standard  porcelain  mixture  the  alhite  pegmatite  virtifies 
at  l^SSO"*  0.  and  at  1,330''  0.  shows  slight  warpage.  Fired  at  1,330^  G.  the  porcelain 
has  a  total  shrinkage  of  11.2  per  cent  and  a  cream  color  by  transmitted  light  trans- 
lucency of  0.72.  The  color  of  the  porcelain  is  a  very  pale  cream,  and  it  is  not  altered 
under  the  raw-lead  and  fritted  glazes. 

The  weathered  dike  produces  a  dark  buflF  microcline  of  good  quality, 
but  the  dike  is  narrow,  and  the  operator  stated  that  it  only  continues 
to  a  depth  of  5  to  7  feet,  below  which  it  becomes  too  impure  to  justify 
mining. 

ALBERTON.      ALBEBTON   QUARRY. 

The  Alberton  quarry  (103)  is  located  on  a  north  slope  one-half 
mile  south  of  Alberton.  The  quarry  consists  of  a  shallow  pit  about 
15  feet  wide  and  50  feet  long  extending  along  the  face  of  the  hill.  The 
dike  material  is  a  buff  microcline  pegmatite  of  medium  coarse  crystal- 
lization, with  a  few  lenses  of  pure  feldspar.  Muscovite  is  present  in 
limited  zones  but  not  in  sizes  to  make  it  a  marketable  product. 
Biotite  is  present  also,  but  in  small  amount.  The  quarry  has  only 
been  opened  a  short  time,  and  the  full  extent  of  the  deposit  is  doubtless 
not  exposed.  White  albite  pegmatite  is  present  in  such  small  amount 
in  the  present  opening  as  to  be  n^Ugible. 

The  buff  microcline  pegmatite  was  sampled  and  tested.  It  has  a 
deformation  range  of  from  1,285^  to  1,300^  C.  and  fuses  to  a  semi- 
transparent  glass  with  a  faint  cream  tint. 

PROPERTIES  IK   STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  porcelaiy  mixture  this  pegmatite  vitrifies  at  1,290^  0.  and  at  1,330^ 
C.  shows  no  warpage.  Fired  at  1,330°  C,  the  porcelain  has  a  total  shrinkage  of  12.2 
per  cent,  a  cream  color,  and  a  translucency  of  0.76.  The  color  is  light  cream  and  is 
not  altered  under  the  raw-lead  and  fritted  glazes. 
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TIBGINIA. 

BEDFORD  COUNTY. 

LOWBY.      m'NICHOLS  QUARRY. 

The  McNichols  quarry  (106)  is  located  on  the  Thompson  place, 
5  miles  south  of  Lowry  station,  on  the  east  bank  of  Otter  River. 
There  are  two  dikes  exposed  on  the  west  slope  of  a  ridge  that  runs 
north  and  south.  The  dikes'  strike  is  northeast,  the  dip  75°  N.  The 
south  dike,  where  exposed,  is  about  20  feet  wide.  In  the  middle  is 
a  band  of  pure  feldspar,  varying  from  5  to  7  feet  wide,  with  pegmatite 
on  each  side.  This  pegmatite,  however,  is  rich  in  feldspar,  and  if 
care  were  exercised  to  eliminate  the  mica  scattered  through  it  much 
marketable  feldspar  could  be  obtained.  This  dike  is  opened  25  feet 
into  the  hill,  being  exposed  for  a  depth  of  40  feet  and  across  its  full 
width.  The  north  dike,  which  is  separated  from  the  south  one  by 
about  30  feet  of  country  rock,  shows  no  band  of  pure  feldspar,  but  is 
very  rich  in  feldspar  throughout  its  width  of  about  10  feet.  This 
pegmatite  is  very  coarsely  crystalline  and  has  considerable  coarse 
muscovite  scattered  through  it.  Very  little  material  has  been 
removed  from  this  part. 

Another  exposure  of  what  is  probably  one  of  the  same  dikes  is 
about  150  yards  northeast,  where  pegmatite  is  exposed  for  a  distance 
of  over  50  feet.  This  area  has  not  been  opened,  and  the  capping 
material  shows  muscovite  and  some  biotite.  Small  lenses  of  pure 
muscovite  and  albite  are  noted  at  frequent  intervals. 

Feldspar  from  the  south  dike  was  analyzed  and  shows  the  following 
chemical  composition: 

Campontion  of  feldspar  from  so-uth  dike. 

Peroeat. 

HaO a  10 

SiOa 68.76 

AlaOa 18. 56 

FeaOs 03 

TiOj Trace. 

CaO 1.26 

MgO Trace. 

KaO 6.86 

NajO 4. 29 

99.83 

The  deformation  temperature  ranges  from  1,260°  to  1,265°  C.  The 
fused  feldspar  forms  an  opaque  white  mass. 

PROPEBTIE8  IN  STANDARD  PORCELAIN  MIXTURE. 

This  feldspar  in  the  standard  mixture  vitrifies  at  1,265°  C,  and  at  1,350°  G.  shows 
slight  warping.  The  porcelain  shows  a  very  faint  bluish  tint.  Fired  at  1,350°  C.  this 
feldspar  has  a  translucency  of  0.64  and  is  cream  colored  by  transmitted  light.  The 
total  shrinkage  is  15  per  cent,  the  drying  shrinkage  being  3  per  cent  and  the  firing 
shrinkage  12  per  cent.    Under  the  raw  lead  and  fritted  glazes  the  color  is  unaltered. 
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NELSON  COTTNTY. 
ARRINOTON.      AMERICAN  RXTTILE  QUARRY. 

The  American  rutile  quarry  (106)  is  8  miles  northwest  of  Arrington, 
near  Roseland  post  office.  The  quarry  is  in  a  dike  about  75  feet  wide, 
which  has  a  northeast  strike  and  is  vertical.  The  dike  is  divided  into 
two  distinct  sections  by  a  vertical  band  of  trap  rock  about  20  feet 
wide.  South  of  this  band  the  dike  consists  of  a  plagioclase  carrying  a 
high  content  of  rutile  and  ilmonite.  This  part  of  the  deposit  is 
worked  and  the  rutile  extracted  by  means  of  jigs.  No  attempt  to 
completely  extract  the  ilmenite  is  made  and  a  considerable  amount 
of  rutile  remains  in  the  tailings.  Many  lenses  of  albite  free  from 
rutile  and  other  minerals  are  noted  in  this  part  of  the  dike  but  no 
attempt  to  save  the  albite  is  made,  as  the  haul  is  too  far  to  make  mar- 
keting it  profitable. 

The  part  north  of  the  trap  rock  band  is  similar  to  the  south  part, 
except  that  hornblende  has  replaced  the  other  minerals  to  a  con- 
siderable extent.  If  transportation  facilities  are  provided  for  the 
development  of  this  property,  the  associated  minerals  can  doubtless 
be  eliminated  from  this  feldspar  and  the  latter  made  marketable. 
The  run  of  the  tailings  from  the  south  part  of  the  dike  has  a  deforma- 
tion range  of  1,310^  to  1,320°  C.  and  fuses  to  a  yellow  brown  glass. 

PBINCE  EDWABD  COTTNTY. 
PROSPECT.      PROSPECT  QUARRY. 

The  Prospect  quarry  (107)  is  one-half  mUe  south  of  the  village  of 
Prospect.  Two  dikes  have  been  opened  on  this  property.  One  has 
a  width  of  about  20  feet  and  has  been  quarried  for  a  distance  of  40 
feet  and  to  a  depth  of  15  feet.  The  other  is  about  12  feet  wide  and  has 
been  quarried  for  a  distance  of  30  feet  and  to  a  depth  of  about  12  feet. 
A  large  part  of  these  dikes  is  a  light  cream  pegmatite  containing  an 
excessive  amoimt  of  quartz  and  also  a  large  amount  of  muscovite 
distributed  throughout  the  mass  as  small  flakes.  This  part  of  the 
dike  is,  therefore,  of  doubtful  value  for  pottery  feldspar.  Lenses  of 
buff  microcline  pegmatite  and  lenses  of  pure  buff  microcline  are 
present  in  large  amount  in  both  dikes.  In  the  laige  dike  one  lens  8 
feet  wide  is  exposed.  This  buff  microcline  and  pegmatite  is  very 
low  in  muscovite  content  and  the  pegmatite  is  low  in  quartz.  No 
biotite  is  observed  in  either  of  the  dikes,  and  other  iron-bearing 
minerals  are  absent  also.  Operations  on  this  property  have  been 
intermittent  and  the  quarry  was  idle  at  the  time  of  inspection.  The 
dikes  have  not  been  exhausted,  however. 

The  buff  microcline  and  pegmatite  were  sampled  to  obtain  an 
average  of  the  run  of  the  quarry  and  this  was  found  to  have  a  defor- 
mation range  of  1,295°  to  1,310°  C.  It  fuses  to  a  pale  cream  semi- 
transparent  glass. 
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PROPEBTIBS  IN  STANDARD  PORCELAIN  MIZTURB. 

In  the  standard  porcelain  mixture  tliis  material  vitrifies  at  1,300**  C,  and  at  1,330**  C. 
no  warpage  is  apparent.  Fired  at  1,330^  C.  this  porcelain  has  a  total  shrinkage  of  13.4 
I>er  cent,  a  cream  color  by  transmitted  light,  and  a  translucency  of  0.74.  The  color  is 
slightly  cream  when  compared  with  that  of  the  standard  trial,  and  is  unaltered  under 
the  raw-lead  and  the  fritted  glazes. 

AMELIA  COXTNTY. 
JETERSVILLE.      OLD   SCHLEGEL  QUARRY. 

The  old  Schlegel  quarry  (108)  is  1 J  miles  northwest  of  JetersviUe. 
This  quarry  was  opened  on  a  lens  of  a  dike  which  can  be  traced  for 
at  least  one-hnlf  mile  northeast  along  the  strike.  The  quarry  has  a 
width  of  about  20  feet  and  a  length  of  about  40  feet.  The  workings 
have  caved  so  that  both  the  walls  and  the  floor  are  obscured  but  a 
narrow  face  of  wall  was  cleared  along  the  strike  and  a  cream  microchne 
exposed  which  is  free  from  quartz  or  other  associated  impurity.  A 
large  quantity  of  this  class  of  feldspar  is  reported  as  being  quarried 
here  but  a. coarse  pegmatite  constitutes  a  considerable  part  of  the 
dike.  Numerous  smidl  dikes  or  stringers  are  noted  throughout  this 
country  but  no  attempts  have  been  made  to  prospect  these. 

The  feldspar  samples  taken  from  the  old  Schlegel  quarry  were 
tested  and  found  to  have  a  deformation  range  of  1,295°  to  1,310®  C. 
and  fuses  to  a  semitransparent  glass  free  from  tint. 

PROPERTIES  IN   STANDARD  PORCELAIN   MIXTURE 

In  the  standard  porcelain  mixture  this  feldspar  nitrifies  at  1,300^  C,  and  at  1,330^  0. 
shows  no  warpage.  Fired  at  1,330°  C.  the  porcelain  has  a  total  shrinkage  of  13  per 
cent,  a  cream- white  color  by  transmitted  light,  and  a  translucency  of  0.82.  The 
color  of  the  porcelain  is  equal  to  that  of  the  standard  trial  and  is  not  altered  under 
either  the  raw-lead  or  the  fritted  glaze. 

An  exposure  of  pegmatite  (109)  about  20  feet  high  occurs  at 
JetersviUe  pond,  2  miles  northeast  of  Jetersville,  where  the  JetersviUe- 
Painesville  road  crosses  Flat  Creek. 

AMELIA.      RUTHERFOKD  MICA   MINE. 

The  Rutherford  mica  mine  (110)  is  located  2  miles  northeast  of 
Amelia  courthouse.  The  dike  here  is  not  exposed  as  the  workings, 
which  consisted  of  a  number  of  shafts,  have  filled  with  water  and 
have  caved  in  many  places.  The  width  covered  by  shafts  appears 
to  be  about  12  feet  and  the  shafts  continued  along  the  strike  for 
about  75  feet.  There  was  no  attempt  at  feldspar  mining,  so  far  as 
could  be  learned,  but  the  dumps  about  the  shafts  contain  large 
quantities  of  a  semitransparent  albite  of  exceptionally  fine  color, 
and  a  brilliant  green  microdine.  Small  "books'*  of  a  clear  muscovite 
are  also  plentiful.    Quartz  is  present  only  in  the  massive  form.    The 
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albite  appears  to  constitute  the  major  part  of  the  dike.  An  average 
sample  of  this  shows  a  deformation  range  of  1,270°  to  1,280°  C.  and 
at  1,290°  C.  fiises  to  a  semitransparent  glass  free  from  tint. 

PROPERTIES  IN   STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  porcelain  mixture  this  albite  vitrifies  at  1,280^  C,  and  at  1,330°  C. 
shows  warping.  Fired  at  1,330°  0.  this  porcelain  has  a  total  shrinkage  of  12.8  per 
cent,  a  cream  color  by  transmitted  light,  and  a  translucency  of  0.86.  The  porcelain 
has  a  good  color  but  lacks  the  brilliancy  of  the  potash  feldspar  porcelain  and  shows  a 
slightly  vesicular  structure.  The  color  is  not  altered  under  the  raw-lead  and  fritted 
glazes. 

The  green  microcline  is  in  sharply  defined  crystals  but  not  in 
quantity  to  be  economically  important.  An  average  sample  of  this 
microcline  shows  a  deformation  range  from  1,280**  to  1,295^  C.  and 
fuses  to  a  semitransparent  mass  free  from  tint. 

AMELIA.      PINCHBACK   MICA   MINES. 

The  Pinchback  mica  mines  (111,  112),  which  were  apparei^tly 
open  pits,  are  scattered  over  an  area  of  several  acres  just  north  of  the 
Rutherford  mine.  These  pits  have  all  been  filled  by  caving  of  the 
walls  and  by  surface  material  draining  into  them.  No  refuse  from 
the  workings  is  exposed  in  dumps  except  a  small  amount  of  scrap 
mica.  The  latter  is  doubtless  scrap  or  trimmings  from  the  block 
mica  as  it  is  a  considerable  distance  from  the  pits.  No  feldspar  or 
quartz  is  found  in  the  neighborhood  of  any  of  the  shafts. 

AMELIA.      OLD   CHAMPION   MICA   MINE. 

The  old  Champion  mica  mine  (113)  is  3  miles  northeast  of  the  court- 
house at  Amelia  and  is  east  of  the  Pinchback  mines.  The  dike  is 
reported  to  be  about  12  feet  wide  and  has  a  general  north  and  south 
strike  and  is  nearly  vertical.  This  mine  was  abandoned  and  allowed 
to  fill  with  water,  but  at  the  time  of  inspection  had  been  almost  com- 
pletely unwatered,  as  the  mining  of  mica  was  to  be  resumed.  The 
dike,  as  exposed  in  the  walls  of  the  shaft  for  a  depth  of  105  feet,  is  a 
coarse  mixture  of  albite  pegmatite  and  gray  semiopaque  quartz. 
The  albite  pegmatite  averages  about  5  feet  wide  and  the  quartz  con- 
stitutes the  remainder  of  the  dike,  which  was  intruded  into  a  biotite 
gneiss.  The  muscovite,  for  which  the  mine  was  worked,  occurs  aloi^ 
the  contact  of  quartz  and  pegmatite  and  along  the  contact  of  the 
pegmatite  and  wall.  With  the  methods  of  mining  practiced  here, 
little  of  the  feldspar  will  be  removed. 

The  albite  was  sampled  and  tested.  It  has  a  deformation  range 
of  1,300''  to  1,306''  C.  and  at  1,310''  C.  is  completely  fused.  The 
presence  of  considerable  calcium  is  indicated  by  the  high  deformation 
temperature  and  the  rapidity  of  fusion.  TTie  opaque  enamellike 
appearance  of  the  fused  feldspar  also  indicates  a  high  calcium  content. 
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PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  porcelain  mixture  this  feldspar  vitrifies  at  1,300^  0.  and  at  1,330°  C. 
shows  warping.  Fired  at  1,330°  C.  the  porceUiin  has  a  total  shrinkage  of  12  per  cent, 
a  cream-white  color  hy  transmitted  light,  and  a  translucency  of  0.87.  The  color  of 
the  porcelain  is  an  excellent  white,  but  the  texture  is  vesicular.  The  color,  however, 
is  not  affected  by  the  raw  lead  and  fritted  glazes. 

HANOVEB  COUNTY. 

HEWLETTS.      HEWLETTS  MICA   MINE. 

The  Hewletts  mica  mines  (114,  115,  116)  are  2  miles  southeast  of 
Hewletts  and  1  mile  north  of  the  Washington-Richmond  highway. 
Three  quarries  were  opened  on  this  property  about  1870,  but  the 
mining  was  for  mica  and  only  such  other  material  was  removed  as 
was  necessary.  The  method  of  mining  was  by  deep  open  cuts  and 
these  are  reported  to  be  50  feet  deep  in  places.  Most  of  the  cuts  are 
about  100  feet  long  and  about  8  feet  wide.  They  were  partly  filled 
with  water  and  thus  an  examination  was  made  very  difficult.  The 
feldspar  present  is  an  albite  of  remarkable  clearness  and  pronounced 
crystallization;  associated  with  this  is  massive  quartz,  in  quantity, 
which  is  clear  and  remarkably  free  from  granulation.  No  iron- 
bearing  minerals  were  observed  on  the  dumps  or  associated  with  the 
feldspar  and  quartz  in  the  exposed  parts  of  the  dike.  The  albite  was 
sampled  and  tested.  It  has  a  deformation  range  of  1,305°  to  1,310*  C. 
and  at  1,315°  C.  is  completely  fused,  forming  a  white  enamellike 
mass.  This  albite  apparently  has  a  considerable  calcium  content,  as 
indicated  by  its  high  deformation  temperature  and  short  range. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

In  the  standard  porcelain  mixture  this  feldspar  vitrifies  at  1,310°  C.  and  at  1,330°  G. 
shows  slight  warpage.  Fired  at  1,330°  C.  the  porcelain  has  a  total  shrinkage  of  11.8 
per  cent,  a  cream- white  color  by  transmitted  light,  and  a  translucency  of  0.75.  The 
color  of  the  porcelain  is  good,  but  it  has  that  texture  characteristic  of  soda  feldspar 
porcelains. 

HENBY  COUNTY. 

RroOEWAY.      FELDSPAR  DEPOSIFS. 

All  these  deposits  lie  within  2  miles,  south  and  west,  of  Ridgeway. 
The  feldspar  is  exposed  in  a  number  of  places  and  shows  evidence  of 
being  present  in  large  quantities.  It  occurs  in  pegmatite  that 
varies  in  fineness  of  structure,  the  feldspar  content  being  chiefly 
cream  microcline  and  ivory  albite,  associated  with  gray  quartz  and 
pale-green  to  rum-colored  muscovite.  Some  white  sugar  quartz  is 
present  but  in  smaller  amoimt  than  at  points  farther  south.  The 
coimtry  rock  is  chiefly  gneiss.  The  dikes  throughout  the  district 
have  a  general  northeast  strike. 
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One  irregular  exposure  (117)  in  the  bed  of  Matrimony  Oeek,  near 
an  old  mill  on  the  property  of  J.  P.  Garrett,  has  a  breadth  across  the 
dike  of  at  least  40  feet.  The  feldspar-bearing  pegmatite  is  massive  in 
some  places  and  in  others  is  fine  grained  with  much  fine  mica.  The 
creek  flows  between  high  hills  and  unless  the  feldspar  can  be  found 
farther  up  the  hillsides  the  cost  of  mining  will  be  excessive  because 
of  overburden,  except  in  the  bed  of  the  creek,  where  the  problem  of 
handling  water  would  be  serious.  The  deposit  is  about  2  miles  south 
of  Ridgeway  and  about  1  mile  from  the  railroad. 

On  the  same  property,  about  one-half  mile  east  of  117  in  a  road  is 
an  outcrop  (118)  of  fine-grained  pegmatite  containing  considerable 
fine  mica  considerably  weathered.  The  indications  are  not  very  en- 
couraging, but  more  prospecting  should  be  done  before  any  definite 
statement,  regarding  either  quality  or  quantity,  is  made.  This  ex- 
posure is  about  2  miles  from  Ridgeway  and  about  1  mile  from  the 
railroad. 

On  the  same  property,  about  one-half  mile  northwest  of  1 1 7  in  the 
bend  of  a  road  on  a  ridge  a  dike  (119)  is  exposed  that  is  about  50  feet 
wide  but  contains  a  number  of  bands  of  gneiss.  Both  feldspar  and 
gneiss  are  much  weathered  in  places.  Several  smaller  dikes  of  com- 
pletely kaoUnized  material  have  been  exposed  on  this  same  ridge. 
This  deposit  is  about  three-quarters  of  a  mile  from  the  railroad,  with  a 
downhill  haul. 

About  one-half  mile  to  the  northeast  of  117  on  the  north  slope  of  a 
ridge,  running  east-northeast,  an  extensive  deposit  of  pegmatite  has 
been  exposed,  either  a  large  dike,  containing  several  bands  of  included 
gneiss,  or  a  series  of  narrower  parallel  dikes.  The  exposure  has  a 
total  width  of  almost  100  feet  and  has  been  proven  for  a  length  of 
250  feet.  The  p^matite  exposed  is  very  coarse,  containing  much 
massive  feldspar.  The  overburden  varies  from  5  to  10  feet.  This 
deposit  is  one-half  mile  from  the  railroad,  which  is  reached  by  a  com- 
paratively level  haul.  It  was  worked  about  five  years  ago  and  a  few 
carloads  shipped  for  grinding.  Difficulties  in  marketing  caused  a 
shutdown. 

The  deposits  on  this  property  were  all  sampled  and  tested  with  the 
following  results : 

The  feldspar  from  deposit  117  is  a  cream  microcline  pegmatite  with 
intergrowths  of  albite.  Its  deformation  range  is  1,290*^  to  1,300°  C. 
and  it  fuses  to  an  excellent  white  enamel. 

The  feldspar  from  deposit  No.  1 18  could  not  be  obtained  in  sufficient 
purity  to  make  a  satisfactory  test. 

The  feldspar  from  No.  119  is  a  cream-colored  microline,  free  from 
any  associated  material,  except  quartz,  and  muscovite,  the  latter 
in  small  amounts  only.  It  has  a  deformation  range  of  1,310°  to 
1,330°  C.  and  an  excellent  color. 
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PBOPERTIE8  IN   STANDARD  PORCELAIN   MIXTURE. 

In  the  standard  porcelain  mixture  this  feldspar  produces  vitrification  at  1,300^  C, 
and  at  1,330^  C.  shows  no  warping.  Fired  at  1,300^  C,  it  has  a  total  shrinkage  of 
14.5  per  cent  and  a  cream  white  translucency  of  70.  The  color  is  not  altered  by 
either  the  raw  lead  or  fritted  glaze. 

The  feldspar  from  deposit  No.  120  is  a  cream  microline  similar 
to  that  from  No.  119,  but  having  a  deformation  range  of  1,306°  to 
1,330''  C.    The  color  is  excellent. 

PROPERTIES  IN  STANDARD  PORCELAIN  MIXTURE. 

Introduced  into  the  standard  porcelain  mixture,  this  feldspar  produces  vitrifica- 
tion at  1,800^  G.  At  1,330^  0.  it  showed  no  warpage,  has  a  total  shrinkage  of  14.7  per 
cent,  and  a  cream-white  translucency  of  72.  The  color  is  not  altered  under  either 
the  raw  lead  or  fritted  glaze. 

RIDGEWAT.      RIDGEWAY  MICA   COMPANY   MINES. 

This  property  (120)  is  one-fourth  of  a  mile  northwest  of  the  depot 
at  Ridgeway.  The  dike  which  is  worked  for  mica  is  5  to  10  feet 
wide  and  strikes  nearly  north.  The  feldspar  is  not  present  in  suffi- 
cient quantities  to  make  it  any  considerable  asset  to  the  company. 
It  is  chiefly  a  cream  microcline.  The  associated  mica  is  rum-colored 
muscovite  and  is  very  solid. 

One-half  mile  northeast  of  the  mica  mine  and  between  the  high- 
way and  the  railroad  a  dike  similar  to  the  one  worked  for  mica 
has  been  exposed  in  a  shallow  p^t.  It  carries  more  feldspar  but 
the  surface  exposures  available  are  badly  stained  with  surface  mate- 
rial, preventing  a  satisfactory  sampling.  The  feldspar  shows  on 
both  sides  of  the  pit,  which  is  about  8  feet  across. 

A  number  of  pegmatite  dikes  more  or  less  weathered  are  exposed 
along  the  line  of  the  railroad  in  cuts  north  and  south  of  Ridgeway 
Station.  In  most  cases  weathering  is  not  sufficiently  advanced  to 
justify  working  the  deposits  for  kaolin.  The  exposures  are  from 
10  to  30  feet  wide.  Judging  from  the  deeper  workings  in  the  mica 
mines,  weathering  may  not  continue  to  any  great  depth,  and  market- 
able feldspar  might  be  obtained  by  removing  this  weathered  material. 

Much  prospecting  by  shafts  and  cuts  has  been  done  throughout 
this  district  and  little  additional  work  should  prove  the  quality  and 
quantity  of  the  deposits. 


LIST  OF  FELDSPAR  GRINDING  MILLS. 

The  following  list  is  based  upon  the  fullest  information  obtainable 
but  is  not  guaranteed  to  be  complete. 

FELDSPAR  MILLS  IN  MAINS. 

Maine  Feldspar  Co.,  Littlefield  Station,  Andro8Cogg;in  County. 

Maine  Feldspar  Co.,  Topsham,  Sagadahoc  County. 

Trenton  Flint  &  Spar  Co.,  Cathance,  Sagadahoc  County. 

These  companies  grind  pegmatite  from  local  quarries  for  use  in  making  pottery. 

FELDSPAR   MILLS  IN  CONNECTICUT. 

L.  W.  Howe,  South  Glastonbury,  Hartford  County. 

The  Wiarda  Co.,  South  Glastonbury,  Hartford  County. 

These  companies  grind  pegmatite  from  local  quarries  for  use  in  making  pottery, 
glass,  and  enamel. 

The  White  Rocks  Co.,  Middletown,  Middlesex  County. 

This  company  crushes  pegmatite  from  local  quarries  for  roofing  gravel,  poultry 
grit,  and  concrete,  but  makes  no  pottery  material. 

FELDSPAR  MILLS  IN   NEW   YORK. 

Crown  Point  Feldspar  Co.,  Crown  Point,  Essex  County. 

Barrett  Mfg.  Co.,  Ticonderoga,  Essex  County. 

These  companies  crush  pegmatite  from  local  quarries  for  use  as  roofing  material, 
poultry  grit,  and  stucco  facing,  but  produce  no  pottery  material. 

Bedford  Feldspar  Co.,  Bedford  Village,  Westchester  County. 

P.  H.  Kinkel  Sons,  Bedford  Village,  Westchester  County. 

These  companies  grind  p^;matite  from  local  quarries  for  use  in  making  pottery, 
glass,  and  enamel. 

Pennsylvania  Feldspar  Co.,  Bamards,  Monroe  County. 

This  company  grinds  Canadian  feldspar,  chiefly  for  pottery  purposes.  The  mill 
was  destroyed  by  fire  in  December,  1914,  but  is  being  rebuilt. 

MILLS   IN    NEW  JERSEY. 

Golding  Sons  Co.,  Trenton. 

Eureka  Flint  and  Spar  Co.,  Trenton. 

Both  of  these  companies  grind  pegmatite  from  various  districts  in  the  United  States. 

MILLS  IN    DELAWARE. 

Golding  Sons  Co.,  Wilmington. 

This  company  grinds  pegmatite  from  various  producing  districts  in  the  United  States. 

MILLS  IN   PENNSYLVANIA. 

Brandywine  Summit  Kaolin  and  Feldspar  Co.,   Brandywine-Summit,   Chester 
County. 
This  company  grinds  soda  and  potash  pegmatite  from  local  quarries. 
Pennsylvania  Feldspar  Co.,  Toughkenamon,  Chester  County. 
This  company  grinds  Canadian  feldspar  and  Pennsylvania  pegmatite. 
Meredith  Mining  &  Milling  Co.,  Pomeroy,  Chester  County. 
This  company  crushes  local  pegmatite  for  poultry  grit. 
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MILLS  IN   OHIO. 


Gelding  Sons  Co.,  East  LiverpooL 

Potter's  Mining  &  Milling  Co.,  East  Liverpool. 

This  company  grinds  pegmatite  from  various  districts  in  the  United  States. 


MILLS  IN  WEST  VIRGINIA. 


The  Newell  Mining  &  Milling  Co.,  Newell. 

This  company  grinds  pegmatite  from  various  districts  in  the  United  States. 


MILLS  IN  TENNESSEE. 


The  Clinchfiield  Mining  <&  Milling  Co.,  Johnson  City. 

This  company  grinds  pegmatite  from  Mitchel  and  Yancey  Counties,  N.  C. 


PUBLICATIONS  ON  MINERAL  TECHNOLOGY. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  is  temporarily  available  for  free  distribution.  Requests  for 
all  publications  can  not  be  granted,  and  to  insure  equitable  distribu- 
tion applicants  are  requested  to  limit  their  selection  to  publications 
that  may  be  of  especial  interest  to  them.  Requests  for  publications 
should  be  addressed  to  the  Director,  Bureau  of  Mines. 

Bulletin  3.  The  coke  industry  of  the  United  States  as  related  to  the  foundry,  by 
Richard  Moldenke.     1910.    32  pp. 

Bulletin  16.  The  uses  of  peat  for  fuel  and  other  purposes,  by  C.  A.  Davis.  1911. 
214  pp.,  1  pi.,  1  fig. 
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Aerial  tramways.   See  Tramways. 

Alberton,  Md. ,  feldspar  deposit  near 1&4 

feldspar  from,  tests  of 164 

Albite,  characteristics  of 30 

oompositfiQii  of. 30,31,96, 157 

speoific  gravity  of 30 

views  of 24 

See  also  Soda  feldspar. 

Albite  pegmatite,  composition  of 16, 

18,  aO,  96, 97, 143, 146, 150, 163 

Alkali  in  feldspar,  amount  of 33 

Amelia  Court  House,  Va.,  feldspar  deposit 

near 20,167,168,169 

feldspar  ftom,  testsof 16x,ie9 

view  of 24 

Andesine,  composition  of 31, 96, 140 

view  of 24 

Andradite.   See  Qamet. 
Anorthlte.   5«e  Lime  feldspar. 

Anorthodase,  composition  of,  limits  of 31 

definition  of 30 

Arendal,  Norway,  graphic  granites  in,  com- 

posltiim  of 69 

AiTington,Va.,  feldspar  deposit  near 166 

Auburn,  Me.,  feldspar  deposits  near. . .  112, 117-122 

feldspar  from,  composition  of 96, 

118,119,121 

testsof 118-122 

view  of 24 

Avondale,  Pa.,  feldspar  deposits  near 155, 1£6 

feldspar  from,  tests  of 155,156 

B. 

Back,  Robert,  analyses  of  feldspar  by 95-07 

Baker,  Pa.,  feldspar  deposit  at 155 

feldspar  from,  tests  of 155 

Ball  mill,  construoticm  of 84 

figure  showing 85 

operation  of 85 

Barium  in  feldspar,  occurrence  of 32 

Barium  feldspar,  characteristics  of 30 

composition  of 30, 31 

specific  gravity  of 30  , 

Barium-potash  feldspar.    See  Hyalophane. 

Bastfai,E.  S.,cited 18,58 

composition  of  feldspar  by 120, 121 ,  127  | 

on  composition  of  graphic  granites 54 

BatoheUerville,  N.  Y., feldspar  deposit  near.  136-138 
feldspar  from,  composition  of. . .  96, 137, 138 

testsof 136-138 

view  of 24 

BatoheUerville  district,  N.  Y.,  extent  of 14 

feldspar  from,  analsrses  of lo 

character  of 14 

Bath,  Me.,  feldspar  deposit  near, 108 


Page. 

Bedford,  N.  Y.,  feldspar  deposits  near 141-144 

feldspar  from,  composition  of. . .  96, 141-143 

tests  of 141-144 

view  of 34 

graphic  granite  from,  composition  of . . . .     54, 

55,50,96 

Beryl,  composition  of 27,43 

in  feldspar,  effect  of .•. 42,43 

remova  1  of 27 

in  iwgmatites,  occurrence  of 27 

Blotite,  composition  of 44 

in  feldspar,  effect  of 44,46 

need  of  removing 19 

in  pegmatites,  occurrence  of 26 

BSack  mica.    Su  Biotite. 

BUndford,  Mass. ,  feldspar  deposit  near 12 

Bolting  of  feldspar 87 

Boothbay  district,  Me.,  extent  of 0 

feldspar  in 0 

Boothwyn,  Pa. ,  feldspar  deposit  near 147, 148 

feldspar  from,  tests  of 148 

Buhrstone  chaser,  description  of 81, 82 

figure  showing 83 

operation  of 82 

Bureau  of  Mines,  investigation  o! 3, 4 

Bjrgden,  A.,  on  composition  of  graphic  granite.       54 
Bytown  ite,  composition  of,  limits  of 31 

C. 

Cathance,.Me.,  feldspar  deposits  near 103-106 

feldspar  from,  composition  of. . .  96, 105, 106 

testsof 103,104,106 

graph ic  granite  from,  composition  of 54, 

55,59,106 

view  of 10 

Celslan.    See  Barium  feldspar. 

Chatham,  Pa.,  feldspar  deposit  near 153 

feldspar  from,  testsof 158 

Chelsea,  Pa. ,  feldspar  deposit  near 147 

Chester  Heights,  Pa.,  feldspar  deposit  near.  146, 147 

feldspar  from,  tests  of 146, 147 

pegmatite  from,  composition  of 96, 146 

Cleavelondite,  characteristics  of 30 

See  also  Soda  feldspar. 

"Cobbing"  feldspar,  mode  of 6, 7 

Conical  mills,  construction  of 87 

operation  of 87 

Connecticut,  feldspar  deposits  in 12, 13, 128-182 

feldspar  from,  composition  of 13, 126-129 

testsof 90,93,124-130 

results  of,  curves  showing 92 

map  showing 122 

See  abo  localities  named. 

Conowingo,  Md . ,  feldspar  deposit  near 1 59 

feldspar  from,  tests  of 159 
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Corinth,  N.  Y.,  feldspar  depoBits  near 135 

feldspar  from,  tests  of 135 

Cornish  pump.    See  Pump. 

"GOTnwall  stone/'  importation  of 6 

Cowee  district,  N.  C. ,  feldspars  in,  character  of      31 

mining  of 22 

Cramer,  E.,  standard  oones  made  by 64 

Cranberry,  N.  Y.,  feldspar  deposit  near 140 

feldspar  from,  composition  of 96, 140 

tests  of 140,141 

Crown  Point,  N .  Y.,  feldspar  deposit  near. . .  1 32, 1 33 

feldspar  from,  composition  of 9r%,  133 

testsof 133 

view  of 24 

Crusher,  buhrstone  faces  for,  advantage  of .. .  82,83  j 

gyratory,  classes  of 81 

objection  to 81 

jaw,  elates  of 80 

flgureshowlng 81 

Bee  alto  Buhrstone  chaser. 

I>. 

Darlington,  Pa. ,  feldspar  deposit  near 145 

feldspar  from,  composition  of 96, 145 

testsof 145.146 

Davis,  Md.,  feldspar  deposit  near 160 

feldspar  from,  tests  of 160 

Deformation  of  feldspar  cones,  definition  of . .       64 

fEustorsin 66 

stages  in 66 

Deformation  poiot  of  feldspar,  determination 

of 07.68 

Demorest,  D.  J.,  analyses  of  feldspar  by 95-97 

Dflce,  definition  of 7 

pegmatitite,  character  of 7 

origin  of 7, 8 

structun  of 8 

sampling  of 61,62 

Dike  material,  handlhig  of 75 

quarrying  of,  classification  of 73-74 

explosives  used  in *  —       74 

precautfons  in 71 ,  72 

sorting  of 75 

DIxfleld,  Me.,  feldspar  deposit  near 113 

feldspar  from,  testsof 113 

E. 

East  Orland,  Me. ,  feldi^r  deposit  at 9, 100 

feldspar  from,  tests  of 100 

pegmatite  dike  at,  view  of 10 

Edgecomb,  Me. ,  feldspar  deposits  at 101 ,  102 

feldspar  from,  testsof lOl,  102 

Elam,  Pa.,  feldspar  deposit  at 148 

feldspar  from,  tests  of 149 

Elfkarleo,  — ,  graphic  granites  in,  composition 

of 59 

Elutriator.    See  Scholtse  elutriatfon  appa- 
ratus. 
Embreeville,  Pa. ,  feldspar  deposit  at 150, 151 

feldspar  from  near,  tests  of 151 

Europe,  grinding  of  feldspar  in  84 

Evjc,  — ,  graphic  granites  in,  composition  of.       59 


F. 

Feldspar,  classification  of 23,28 

cleaning  of ,  method  of 6,7 

color  of 34 

composition  of,  relatioD  of,  to  deformatfon 

test 33 

distribution  of 4 

dr3ring  of,  need  of. 80 

fused,  eOtet  of  color  hi 23,24 

fusion  of,  temperatura  of 63 

viscosity  of ft3-65 

grading  of 5 

handlhig  of,  details  of 6,79,88,M,96 

kaolinisation  of ,  effects  of 46 

method  for  sampling 61,62 

methods  of  crushing 80 

methods  of  pulverixing 83,84 

See  alto  Grinding, 
minerals  associated  with.    See  minenb 

named, 
properties  of,  in  porcelain  mixtures,  tests 

of 68-71 

prospecUngfor 60 

method  of 60,61 

pulverised,  classificatfon  of,  curves  show- 
fag 91,92 

deformation  tests  of,  figure  showing . .       94 

resultsof 93 

siie  of  grains  of 89-^ 

wetting  of,  objectfons  to 87,88 

quality  of ,  relation  of ,  to  price 23 

relative  value  of,  factors  determining 22 

standard,  composition  of 71 

deformation  temperature  of. 71 

uses  of.., 4,5 

wastes  in  mining  of 5 

prevention  d 4 

SeeaUo  Pegmatite,  feldspars  named;  local- 
ities named. 
Feldspar  beryl  cones,  deformation  of,  figure 

showing 43 

preparation  of 43 

testsof y 42,43 

Feldspar-bfotite  cones,  deformation  of,  figure 

showing 45 

preparation  of 44 

Feldspar-musoovite  oomes,  deformation  of, 

flgureshowlng 44 

tests  of 43, 44 

Feldspar  quarries,  list  of 98, 99 

Feldspar-quarts  cones,  deformation  of,  figure 

showing 41 

testsof 41,42 

See  aieo  Potash  feldspar-quarts  cones; 
Soda  feldspar-quarts  cones. 
Fieldner,  A.  C,  analysis  of  graphic  granites 

by 54 

Flint,  effect  of,  on  deformation  of  feldspar. . .       38 

France,  supply  of  feldspar  in 6 

Frit,  composition  of 71 

Fritted  glaze.    See  Glase. 

G. 

Garnet,  composition  of 26 

in  pegmatites 26,27 

removal  of 26,27 
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Geotgetown  Peninsiikt,  Me.,  feldspctf  deposits 

at 102,109,110 

feldspar  from,  tests  of 102, 110 

graphic  granite  from,  composition  of 54, 

55,59,96,110 

view  of 10 

GecM^gia,  feldspars  in 22 

Glace,  composition  of 70 

effect  of ,  on  pcroelain  mixtures 70 

Granite,  Md.,  feldspar  deposits  near ISO,  160 

feldspar  from,  tests  of. 160 

Granite,  graphic,  composition  of 53- 

55,96, 106, 110, 119, 127, 151, 152 

deformation  of,  figure  showing 56 

tests  of 65-57 

feldspar  in 51,52 

relation  of ,  to  fusibility 56 

quartz  content  of,  determination  of. .  57, 58 

value  of 53 

view  of 10 

See  also  Pegmatite. 
Graphic  granites.    See  Granite. 

Grinding  of  feldspar,  mills  for,  list  of 172, 173 

types  of, M 

See  also  Ball  mills;  Conical  mills; 
Tube  mills. 

wet,  apparatus  for 84 

objection  to 84 

H. 

Haddam,  Conn. ,  feldspar  deposit  near 131 

feldspar  from,  tests  of 131 

Haulage  from  quarry,  factors  affecting 78 

Haulage  systems  in  quarries 78, 79 

Heat-radiation  pyrometers.    See  Pyrometers. 

Hebron,  Me.,  feldspar  deposits  at 115, 116 

feldspar  from,  composition  of 96, 116 

tests  of 115, 116 

Hewletts,  Va.,  feldspar  deposit  near 20, 160 

feldspar  from,  tests  of 160 

•view  of 24 

Hitteren,  Norway,  graphic  granites  in,  com- 
position of 59 

Hyaloph^e,  composition  of 31 

definition  of 31 

occurrence  of 32 

Hyalophane  series  of  feldspars,  classification 

of 29 

• 

I. 

Iddings,  J.  P. ,  on  classification  of  feldspars 28 

Ilchester,  Md.,  feldspar  deposit  near 161 

feldspar  from,  tests  of 161 

Iron,  elimination  of,  from  powdered  rock 81 

Iron  oxide,  injury  to  feldspar  from 73 

J. 

Jetersville,  Va.,  feldspar  deposits 20, 167 

feldspar  from,  testsof 167 

Johnson,  H.  E.,  on  composition  of  graphic 

granites S3 
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Kaolin,  composition  of 47 

£[aolin-feldspar  cones,  deformation  tests  of, 

data  on 50 

figure  showing 48, 49, 50, 52 

results  of 48, 49 

preparation  of 47 

retiring  of,  results  of 49 

Eaolin-feldspar-quartz  cones,  deformation  of, 

figure  showing 50 

results  of 50 

L. 

Labradorite,  composition  of 31 

Lime  feldspar,  characteristics  of 30 

composition  of 30, 31 

proportion  of,  in  graphic  granites 59 

specific  gravity  of 3D 

Lime  in  fUdspar 32 

Lime-soda  feldspar.    See  Plagioclase. 

Locomotives  for  haulage,  electric 78 

steam 78 

Lowry,  Va.,  feldspar  dei)osit  near 165 

feldspar  from,  composition  of 97, 165 

tests  of 165 

M. 

Magnesium-aluminum  silicate,  composition 

of 97,157 

Magnetite,  composition  of 28 

in  pegmatites 28 

removal  of 28 

Maine,  feldspars  from,  analyses  of ii 

classification  of,  curves  showing 91 

precautions  in  treatment  of 22 

testa  of 80,90 

feldspar  districts  in 9-11 

map  showing 100 

graphic  granites  of,  tests  of 55-57 

See  also  localities  named. 
Marriottsville,  Md. ,  feldspar  deposits  near . .  161-163 

feldspar  from ,  tes  ts  of 162 

pegmatite  from,  composition  of 97, 162 

Maryland,  feldspar  in 19, 15»-164 

analyses  of 20 

deposits  of ,  map  showing 146 

extent  of 19, 20 

See  aUo  localities  named. 

Massachusetts,  feldspar  in 12, 122, 123 

deposits  of,  map  showing 122 

Mendenhall,  Pa.,  feldsixir  deposits  near 149 

feldspar  from,  composition  of 96, 150 

testsof 149,150 

Mica,  separation  of 83 

Microcllne,  composition  of 15-17, 

29, 31, 47, 96, 133, 142, 145, 146, 150 

description  of 29 

occurrence  of 29 

specific  gravity  of 29,47 

views  of 24 

See  also  Orthoclase;  Potash  feldspars. 

Microcllne  pegmatite,  composition  of 16, 

20,96,97,163 
Middle  Haddam,  Conn.,  feldspar  deposits 

near 130,131 

feldspar  from,  testsof 130,131 
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Ifiddletown,  Conn.,  feldspar  deposits  near.  128-130 

feldspar  from,  composition  of 9d,  129 

tests  of 129,130 

Mount  Apatite,  Me.,  feldspar  deposits  near.  118, 119 

feldspar  from,  composition  of 06, 118 

tests  of 118,119 

Moont  Apatite  district.  Me. ,  extent  of 10 

feldspar  in 10 

Moant  Mica  district,  Me. ,  extent  of 10 

feldspar  deposits  in 10,  II 

Muscovite,  composition  of 43, 44 

in  feldspar,  effect  of 43,44 

removal  of 26 

in  pegmatites 25, 26 

N. 

New  Castle,  Me. ,  feldspar  deposits  near 100 

feldspar  from,  composition  of 96, 101 

tests  of 101 

New  Garden,  Pa.,  feldspar  dei)osits  near..  151,150 

feldspar  from,  tests  of 152, 156 

graphic  granite  from,  composition  of.  96,151 

New  Hionpshire,  feldspar  deposits  in 12 

New  York,  feldspar  deposits  in 13-16, 13^145 

map  showing 132 

See  al»o  localities  named. 

North  Carolina,  feldspar  deposits  in 21 

feldspar  in,  analyses  of 22 

North  Castle,  N.  Y.,  feldspar  deposit  near. .  144, 145 

feldspar  from,  tests  of 145 

North  Qroton,  N.  H.,  mica  quarry  near 12 

NorthvUle,  N.  Y.,  feldspar  deposits  near.. .  138, 139 

feldspar  from,  tests  of 139, 140 

view  of 24 

Norway,  Me.,  feldspar  deposits  near 116, 117 

feldspar  from,  composition  of 96, 1 17 

tests  of 117 


O. 


31 
24 


29 
46 
29 


OUgodase,  composition  of 

Ontario,  Canada,  feldspar  from,  view  of 

Optical  pyrometers.    See  Pyrometers. 
Orthod^,  characteristics  of 

composition  of 

specific  gravity  of 

See  alto  Potash  feldspars. 

Overburden,  removal  of 73, 74 

Owls  Head,  Me.,  feldspar  deposit  near 114 

Oxford,  Conn.,  feldspar  deposit  near 132 

P. 

Paris  HUl,  Me.,  fcidsi)ar  deposit  at 116 

feldspar  from,  tests  of 116 

Parsons,  C.  L.,  work  of 95 

Pegmatite,  composition  of 25-28, 90, 97, 160 

See  alto  Feldspar;  Granite,  graphic. 

Pegmatite  dike,  weathered,  view  of 10 

Penland,  N.  C. ,  mierocline  from,  view  of 24 

Pennsylvania,  feldspars  in 16-18, 145-158 

classes  of 17 

composition  of 17, 145, 146, 150-152, 157 

minerals  associated  with 18, 19 

feldspar  district  of 16 

map  showing 146 

See  alto  localities  named. 


Phippsburg,  Me. ,  feldspar  deposit  at no,  11 1 

feldspar  from,  composition  of 96,  111 

tests  of Ill 

view  of 24 

Plagiodase,  analysis  of I5 

classiflcatkn  of 28,29,30 

deflnltkmof 31 

Plumtree,  N.  C,  microcUne  from  near,  view 

of 24 

Pomeroy,  Pa.,  feldspar  deposit  near 152 

feldspar  from,  tests  of 152, 153 

graphic  granite  from,  analysis  of 96 

Porcelain  mixtures,  composition  of 68 

firing  of m 

preparation  for  tests 68»  60 

shrinkage  of ,  determination  of 69 

tests  of 70,71 

transluoency  of,  determination  of 69 

value  of  feldspar  in 68 

Portland,  Conn. ,  feldspar  deposit  near 127, 128 

feldspar  from,  composition  of 96, 128 

testsof 128 

view  of 24 

graphic  granite  from,  composition  of . .  54,55,59 

PotEksh  feldspar,  composition  of 11, 

13, 18, 22, 32-^,  36, 40, 96, 106 

definition  of 31 

deformation  range  of il,  13 

occurrence  of 7,29 

proportion  in  giapliic  granites 59,60 

See  alto  MicrocUne;  Orthoclase. 
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PBEFACE. 

The  prevalence  of  occupational  diseases  among  miners  in  the  United 
States  is  a  matter  of  deep  public  concern,  although  it  has  received 
little  systematic  study  as  yet.  The  Bureau  of  Mines  is  directed  by 
law  to  rmdertake  investigations  looking  to  the  improvement  of  safety 
and  health  conditions  in  mines  and,  in  cooperation  with  the  Bureau 
of  the  Public  Health  Service,  has  done  a  limited  amount  of  work  in 
a  few  metal-mining  districts,  chiefly  with  regard  to  the  prevalence  of 
pulmonary  tuberculosis  and  to  the  eflFects  of  rock  dust,  made  by  drill- 
ing and  blasting,  as  an  exciting  cause  of  diseases  of  the  limgs. 

In  the  absence  of  broad  and  detailed  studies  it  is  impossible  to  say 
whether  diseases  common  among  European  miners  are  prevalent  in 
the  same  relative  proportions  among  miners  in  the  United  States.  It 
is  to  be  presumed,  however,  that  those  diseases  that  are  induced  by 
specific  causes,  such  as  the  breathing  of  fine  sharp  particles  of  siliceous 
rock  or  work  under  conditions  that  tend  to  strain  excessively  any 
organ  of  the  body,  will  be  f oimd  to  occur  in  the  United  States  in  pro- 
portion as  these  causes  are  effective.  In  other  words,  it  is  to  be 
expected  that,  owing  to  the  differences  in  natural  conditions  and  in 
mining  methods,  certain  diseases  will  be  found  to  be  more  prev&lent 
in  one  coimtry  or  in  one  district  than  in  another. 

Miners'  nystagmus  seems  to  be  widespread  in  Europe  and  to  be 
decidedly  common  in  some  districts  there.  As  it  may  prevent  a  miner 
from  working  at  his  regular  task  and  may  even  cause  prolonged  total 
disability,  it  is  recognized  in  both  England  and  Germany  as  properly 
entitling  the  sufferer  to  compensation  rmder  the  provisions  of  em- 
ployers' liability  or  workmen's  insurance  laws. 

Workmen's  compensation  laws  have  been  enacted  in  more  than 
thirty  of  the  States  in  the  United  States,  and  there  is  widespread 
interest  in  the  subject  of  occupational  diseases.  The  Bureau  of  Mines 
in  its  investigations  of  safety  and  health  conditions  in  mines  is  giving 
attention  to  the  ailments  to  which  miners  are  particularly  subject  as  a 
result  of  their  daily  work.  The  following  paper  on  miners'  nystagmus 
has  been  prepared  by  Mr.  Hoffman,  who  has  given  years  of  study  to 
the  morbidity  and  accident  rates  of  different  occupations  and  is  widely 
known  through  his  writings  on  occupational  accidents  and  diseases. 

As  there  has  been  no  thorough  investigation  of  miners'  nystagmus 
in  the  United  States,  Mr.  Hoffman  has  reviewed  the  results  of  inves- 
tigations in  Europe  and  has  drawn  some  tentative  conclusions  as  to 
the  possible  frequency  of  the  disease  in  this  coimtry.    Possibly  some 
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American  physiciaiis  and  mining  engineers  will  doubt  that  many 
American  coal  miners  are  aflUcted  with  nystagmus,  and  will  advance 
as  reason  for  their  opinion  the  use  of  undercutting  machines  in  the 
United  States  and  the  lessened  amount  of  undercutting  now  done 
with  the  pick.  The  use  of  open-flame  lamps  in  the  many  nongaseous 
mines  and  the  increasing  use  of  electric  lamps  in  gaseous  mines  and 
the  better  illumination  obtainable  by  them  ^an  by  the  safety  lamps 
generally  used  in  Europe  may  be^  in  the  opinion  of  some  engineers, 
additional  reasons  for  believing  that  there  is  less  eye  strain,  the  cause 
of  nystagmus,  among  American  than  among  European  coal  miners. 
Whatever  may  be  the  prevalence  of  nystagmus  in  the  United  States, 
its  seriousness  as  a  disease  and  the  need  of  national  and  State  agencies 
cooperatmg  in  endeavors  to  obtain  exact  information  regarding  it  are 
deemed  sufficient  reasons  for  the  publication  of  Mr.  Hoffman's  inter- 
esting and  suggestive  paper. 

Van.  H.  MAimoro. 


MINERS'  NYSTAGMUS. 


By  Fbsdebick  L.  Hoffman. 


INTRODXTOnON. 

Miners'  nystagmus  is  the  result  of  a  peculiar  form  of  eyestrain, 
which  often  results  in  impairment  of  vision  and  a  consequent  diminu- 
tion of  the  wage-earning  capacity  of  the  workman. 

Historically  it  has  been  pointed  out  by  Shufflebotham^  that 
"This  disease  was  first  recognized  by  OiUett,  of  Sheffield,  about 
1854,  although  no  case  was  mentioned  in  medical  literature  imtil  1861, 
when  the  symptoms  were  described  by  De  Conde,  a  Belgian  physician. 
Cases  were  reported  by  Pepp  MilUer  as  early  as  1860,  by  Von  Oraefe  in 
1873,  and  by  Bell  Taylor,  of  Nottingham,  and  by  Nieden  in  1874. 
In  this  country  (England)  we  are  indebted  to  a  very  large  extent  to 
the  observations  and  writings  of  the  late  Simeon  Snell  and  for  his 
pioneer  work  on  this  many-^ded  disease;  in  France  Dransart  occupies 
a  similar  position."  In  the  treatise  on  ''The  Effects  of  Arts,  Trades, 
and  Professions,"  by  C.  Turner  Thackrah,  published  in  London  in 
1832,  it  is  stated  that— 

The  complexion  of  the  coUien,  even  after  the  removal  of  the  dirt,  is  generally 
sallow  and  unhealthy.  Their  eyes,  from  the  swelling  of  the  lids,  appear  small,  are 
affected  with  chronic  inflammation  and  intolerant  of  full  light.  *  *  *  Sickness 
and  vomiting  sometimes  affect  persons  at  their  commencing  the  employ;  and  many, 
after  a  few  years'  trial,  are  obliged,  by  the  injury  which  their  health  has  sustained, 
and  especially  by  the  weakness  of  their  eyes,  to  leave  the  mine. 

According  to  Oreer,^  an  authority  on  industrial  diseases  and  acci- 
dents, miners'  nystagmus  occurs  in  5  per  cent  of  all  miners,  but  it  is 
quite  probable  that  the  reference  is  to  European  coal  miners  rather 
than  to  men  employed  in  all  branches  of  the  mineral  industry. 
According  to  the  same  authority,^  miners'  nystagmus  "is  associated 
with  a  twitching  of  the  eyelids  and  with  considerable  diminution  of 
the  range  of  movement  of  the  eyes,  and  is  particularly  liable  to  occur 
in  patients  whose  vision  is  subnormal  owing  to  errors  of  refraction, 
especially  astigmatism.  It  causes  much  inconvenience  to  those  suf- 
fering from  it  and  prevents  them  from  following  their  usual  occupa- 
tion as,  owing  to  the  movements  of  the  eyes,  everything  at  which 
they  look  appears  to  be  in  a  state  of  perpetual  motion,  and  in  conse- 

«  StuiffleboCliam,  Frank,  Miners'  nystagmos:  Brit.  If ed.  Jour.,  Ifar.  21, 1914,  p.  648. 
h  Oreer,  W.  J.,  Industrial  diBeasfls  and  aocldflnts,  Londoii,  1900,  p.  804. 
c  OrMT.  W.  J.,  Loo.  oit. 
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quence  their  visual  acuity  is  more  or  less  reduced.  When  the  move- 
ments cease  the  vision  becomes  as  good  as  it  was  previously." 

Bamett,"  with  reference  to  the  British  workmen's  compensation 
act  of  1906,  states  that  nystagmus  ''is  a  condition  often  foimd  in 
miners  owing  to  excessive  strain  of  the  eye.  The  cause  of  the  aflFeo- 
tion  is  the  constrained  position  of  the  eyes,  producing  chronic  weari- 
ness. It  is  usually  present  in  those  miners  engaged  in  'kirving'  or 
bottom-holing  a  seam  of  coal;  in  doing  this  they  have  to  lie  in  a  very 
strained  position,  striking  the  coal  with  a  horizontal  swing  of  the 
pick,  and  having  to  keep  their  eyes  fixed  on  one  spot,  using  the 
elevator  muscles  constantly." 

The  symptoms  of  the  affliction  are  stated  by  Bamett  to  be  as 
follows: 

There  are  usually  objects  dancing  before  the  eye.  Thereisoflcillationof  theeyeball, 
headache  is  often  present,  and  giddiness  sometimes  causes  the  miner  to  stumble. 
The  movements  of  the  eyeball  ar*5  rotary  and  to  and  fro,  rarely  vertical;  the  rapidity 
of  the  motion  may  be  great.  Tremors  of  the  muscles  of  the  head  and  face  are  often 
associated  with  the  trouble. 

SOITBCE8  OF  INFOBMATION. 

The  literature  on  nystagmus  is  considerable,  but  is  limited  chiefly 
to  contributions  to  medical  and  mining  periodicals.  A  complete 
treatise  on  the  subject  of  miners'  nystagmus  was  published  in  1894 
at  Wiesbaden,  by  Nieden.  *  There  are  numerous  descriptive  accounts 
of  individual  cases  of  miners'  nystagmus,  most  of  which  confirm  the 
view  that  the  immediately  responsible  cause  for  the  disease  is  the 
defective  illumination  under  which  underground  mining  is  frequently 
carried  on.  There  arc  other  forms  of  nystagmus,  botli  congenital 
and  hereditary,  and  some  cases  of  the  disease  have  been  reported 
for  men  employed  in  other  occupations  than  mining,  including  a 
case  of  nystagmus  in  a  compositor,  reported  by  Snell*  in  1890.  As 
pointed  out  by  Thompson,^  in  his  recent  work  on  occupational 
diseases — 

Nystagmus  as  an  occupational  symptom  is  not  alone  confined  to  miners,  and  may 
develop  in  those  who  are  compelled  to  give  close  visual  attention  to  coDstantly  moving 
objects.  For  example,  Dr.  Collie,  of  the  British  factory  inspection  service,  found 
that  28  per  cent  of  516  female  Hewing-machine  operatives  had  slight  grades  of  nystag- 
mus from  fatigue  of  the  eye  muscles  in  following  the  work  through  the  machine. 
Exceptional  cases  have  occurred  among  compositors  who  kept  their  copy  above  the 
eyes  and  threw  the  head  backward  to  glance  at  it. 

According  to  the  same  authority,*  the  symptom  of  rapid  oscillation 
of  the  eyeballs,  typical  of  miners'  nystagmus,  ''is  due  to  picking  at 

a  Bamett,  II.  N.,  Accidental  injiiries  to  workmen,  London,  1909,  p.  138. 
b  Nieden,  A.,  Der  Nystagmus  der  Bergleute,  1894, 140  pp. 

e  Sncll,  Simeon,  Eye  diseases  and  eye  accidents  in  relation  to  industrial  occupations:  In^Dangsoos 
Trades/'  by  Thomas  Oliver,  London,  1902,  chap.  68,  pp.  761-765. 
d  Thompson,  W.  G.,  The  occupational  diseases;  their  causation,  symptoms,  and  pravention,  1914,  p. £701 
•  Thompson,  W.  Q.,  Op.  cit.,  pp.  669-670. 
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overhead  coal,  which  requires  strain  of  the  eye  muscles,  the  eyes  being 
constantly  directed  both  upward  and  to  one  side.  It  is  therefore 
limited  to  those  who  handle  the  pick  exclusively.  The  symptom 
usually  subsides  in  time  after  the  form  of  work  has  been  changed. 
It  is  at  present  a  rare  phenomenon,  owing  to  two  causes — ^first,  the 
increasing  introduction  of  machine  methods  and,  secondly,  the 
operation  of  the  gross-weight  law,  whereby  miners  are  paid  for  the 
gross  tonnage  of  the  coal  mined,  not  on  the  basis  of  the  size  of  the 
nuggets.  When  the  latter  system  prevailed  the  miners  sought  to 
increase  their  earnings  by  carefully  picking  out  large  fragments  of 
coal,  which  involved  the  ocular  strain.'' 
Thompson^  quotes  Browne  and  Mackenzie  to  the  effect  that — 

The  contributing  factors  in  producing  this  symptom  are:  Inadequate  light,  errors 
of  refraction,  straining  of  the  extrinsic  eye  muscles,  and  a  neurotic  temperament. 
Ninety  per  cent  of  their  patients  had  errors  of  refraction.  The  symptom  is  often 
attended  by  severe  pains  in  the  head  and  eyes  and  by  quivering  of  the  eyelids.  The 
miners  find  some  relief  from  the  affection  by  walking  with  the  eyes  directed  down- 
ward. No  special  treatment,  except  rest,  is  of  any  avail,  and  after  a  prolonged  period 
spontaneous  recovery  may  take  place,  which  may  be  partial  if  not  always  complete. 

The  following  suggestive  description  of  nystagmus  is  by  Louis  :^ 

Probably  the  most  unhealthful  part  of  the  coal  miner's  work  consists  in  ^'kirvlng" 
or  undercutting  the  coal,  in  doing  which  the  miner  has  to  lie  on  his  side  on  the  floor  of 
the  coal  seam,  swinging  his  pick  with  a  x>eculiar  sideways  stroke  over  his  head,  till  he 
has  cut  out  a  narrow  groove  some  3  feet  deep  below  the  overhanging  mass  of  coal. 
Work  in  this  constrained  position  is  necessarily  harmful  to  some  extent.  Its  effect  has 
been  most  noticed  as  affecting  the  nervous  system,  and  especially  the  nerves  of  the 
eyes,  the  disease  known  as  miner's  nystagmus  having  been  often  ascribed  to  it.  Oases 
of  miner's  nystagmus  occur,  however,  also  among  miners  who  do  not  have  to  kirve,  and 
it  may  well  be  due  in  great  part  to  the  poor  light  obtainable  in  so  many  cases  under- 
ground, especially  when  safety  lamps  are  used,  and  the  consequent  strain  on  the  eyes. 
At  any  rate  this  seems  to  be  the  opinion  of  several  who  have  suffered  from  this 
complaint. 

OCCT7PATIONAL  EYESTRAIN. 

In  the  same  work,  in  connection  with  a  discussion  of  eye  diseases 
and  eye  accidents  in  relation  to  industrial  occupations,  SneU,*'  a  recog- 
nized authority  on  ophthalmology,  contributes  an  extended  discussion 
on  nystagmus,  not  only  among  miners,  but  also  among  persons  em- 
ployed in  other  occupations  undergroimd.  The  findings  and  conclu- 
sions of  Snell  have  not  been  accepted  in  their  entirety  by  other  authori- 
ties on  the  subject  of  nystagmus,  but  they  are  given  in  full  so  as  to 
provide  the  necessary  basis  for  comparison  with  divergent  views  sub- 
sequently tO/be  quoted. 

Coal  miners,  as  a  result  of  their  employment,  are  especially  prone  to  a  peculiar  affec- 
tion of  the  eyes  called  '' nystagmus"  (miners'  nystagmus),  which  is  characterized  by 

a  Thompflon,  W.  O.,  Op.  oit.,  p.  570. 

b  LooJs,  Henry,  MixLing:  Thomas  OUver's  "Dangerous  Trades,''  London,  19Q2,  chap.  37,  p.  534. 
e  Snell,  Simeon,  Eye  diseases  and  eye  accidents  in  relation  to  industrial  occupations:  In  **  DangerooB 
Trades,"  by  Thomas  Oliver,  London,  1903,  chap.  58,  pp.  760-772. 
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oscillationB  of  the  eyeball.  The  sufferer,  too,  complaiDB  of  objects  dancing  before  his 
eyes.  In  this  disease  objects  appear  to  move  either  in  a  circle  or  an  eUipse.  Head- 
ache is  often  present,  and  especially  giddiness,  which  sometimes  causes  the  miner  so 
to  stumble  about  that  he  is  compelled  to  leave  his  work  in  the  mine.  The  movements 
of  the  eyeball  are  chiefly  rotatory;  to-and-fro  oscillations  are  sometimes  superadded. 
These  are  rarely  vertical,  but  the  rotatory  are  seldom,  if  ever,  absent.  The  rapidity  of 
the  ocular  motions  varies  greatly;  from  60  to  150  motions  may  be  counted  in  a  minute. 
I  have  observed  them  as  frequent  as  350.  Both  eyes  are  affected,  but  the  rapidity  of 
movements  may  vary  in  the  two  eyes.  The  more  rapijd  the  oscillations  the  less  ex- 
tended is  the  exciUBion  of  the  globes.  The  oscillations  are  arrested  by  turning  the  gase 
downward  below  the  horizontal  line,  and  miners  often  learn  to  rest  their  eyes  in  this 
way.  Looking  upward,  and  especially  obliquely  to  one  aide  or  the  other,  rapid  move- 
ments of  the  head,  lowering  of  the  head,  and  suddenly  raising  it  are  means  of  increaang 
the  rate  of  movements  of  the  eyeballs,  or,  in  other  cases,  of  rendering  them  evident. 
Placing  the  patient  in  the  position  he  would  assume  at  his  work  is  another  method. 
Tremors  of  the  head  (noticeable  to  the  hand  placed  on  the  head),  of  the  eyelids,  and  of 
the  muscles  of  the  face  or  neck  are  often  associated  with  nystagmus,  and  so  is  torticollis 
or  * *wry  neck''  in  some  cases.  Night  blindness  has  been  alleged  to  be  present,  but 
there  is  some  reason  to  dispute  this^  The  nystagmus  alone  is  a  sufficient  cause  for  any 
difficulty  in  seeing  in  a  failing  light.  Errors  of  refraction,  myopia,  hypermetropia,  and 
astigmatism  are  often  present,  but  bear  no  causal  relation  to  nystagmus;  visual  acuity 
is  generally  unaffected.  €k)lor  perception  is  good,  and,  so  far  as  the  movements  of  the 
eyeballs  permit  of  testing,  the  field  of  vision  is  normal.  The  onset  of  the  disorder  is 
often  brought  about  by  some  attack  of  illness.  It  is  generally  met  with  in  men  who 
have  worked  in  the  mine  for  some  years.  Ninety  per  cent  of  cases  occur  in  persons 
from  25  to  45  years  of  age.<> 

Nystagmus  is  found  chiefly  in  miners  who  work  at  the  coal  face 

in  a  more  or  less  constrained  position  of  the  body  and  the  eyes.    The 

methods  of  mining  in  England  differ  somewhat  from  those  in  this 

country,  especially  in  details  that  have  an  important  bearing  on  the 

occurrence  of  nystagmus,  and  therefore  it  seems  appropriate  to  include 

a  brief  abstract  from  the  article  of  Snell  regarding  conditions  under 

which  nystagmus  in  English  coal  mines  is  most  likely  to  ocour.    The 

abstract  follows :  * 

It  is  desirable  to  get  coal  in  as  large  pieces  as  possible,  and  to  do  this  they  imdercut 
or '  'hole ' '  the  seam.  A  man  sits  with  his  legs  crooked  up,  lying  almost  on  his  side,  and 
strikes  the  coal  with  a  horizontal  swing  of  his  pick  at  the  bottom  of  the  coal  seam.  He 
will  cut  away  the  coal  to  a  height  of  18  inches  to  2  feet,  and  then  as  he  gets  deeper  in 
he  will  draw  his  body  under  the  coal,  lying  on  one  side  or  the  other.  The  process  is 
called '  *holing, "  and  sometimes  the  undermining  may  be  continued  from  2  to  3  feet  to 
as  much  as  7  or  8  feet;  the  distance  varies  considerably.  As  he  proceeds  with  his  mA 
the  miner  applies  timber  supports  to  keep  the  coal  from  falling.  This  just  described  is 
called '  'bottom  holing, ' '  but  the  seam  may  be  attacked  in  the  middle  (middle  holing) 
or  at  the  top  (top  holing) .  A  miner  engaged  at  this  work  will  direct  his  gaze  to  different 
parts  as  it  becomes  necessary  for  him  to  strike,  for  the  eyes  will  follow  the  pick  point, 
but  the  tendency  will  be  for  the  gaze  to  be  directed  upwsoti  (using  the  ocular  elevators) 
more  or  less  obUquely.  He  wiU  lie  sometimes  on  one  side  and  sometimes  on  the  other. 
His  legs  will  be  crooked  up,  his  head  thrown  back  and  flexed  more  or  lees  on  the  shoul- 
der beneath.  *  *  *  Ninety-eight  per  cent  of  all  cases  of  nystagmus  coming  imder 
my  notice  have  been  in  men  occupied  at  the  coal  face  and  more  or  less  engaged  at  this 
kind  of  work. 

a  Snell,  SimeoDj  Eye  diseases  and  eye  accidents  In  relation  to  Industrial  oocapatioDS,  in  "  Dangeroos 
Trades/'  by  Thomas  Oliver,  London,  1902,  chap.  £8,  pp.  761-762. 
b  Snell,  Simeon,  Op.  cit,  pp.  763-763. 
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mrsTAaxus  a  disease  of  coal  minbrs. 

Regarding  other  underground  occupations  liable  to  nystagmus,  the 
disease  appears  to  be  rare  among  them.  Thus,  for  illustration,  over- 
Beers  whose  work  requires  the  inspection  of  underground  conditions, 
both  a9  regards  freedom  from  gas  and  the  security  of  the  roof  of  the 
room  or  chamber  in  which  the  work  is  being  done,  suffer  occasionally 
from  nystagmus,  according  to  Snell,  probably  because  of  the  fact  that 
their  particular  duties  necessitate ''  the  same  upward  and  oblique  direc- 
tion of  the  gaze."  He  points  out,  however,  in  this  connection  that 
frequently  the  men  employed  as  overseers  have  previously  worked  as 
ooal  miners,  and  he  therefore  concludes  that,  as  a  rule,  all  cases  of 
nystagmus  occur  in  those  who  are  either  working  or  have  worked  as 
coal  miners,  or  who  work  in  such  positions  as  to  require  an  upward 
direction  of  the  eye  for  more  or  less  prolonged  periods.  He  also  con- 
cludes that  the  causation  of  the  affection  ^'must  be  sought  in  this 
constrained  position  of  the  eyes  by  which  chronic  weariness  is  induced 
in  the  elevator  muscles  of  the  eyes.  Like  effects  are  found  in  other 
muscles  of  the  miner,  producing  wry  neck,  tremors  of  the  head,  and 
quivering  of  the  eyelids.  It  is  thus  similar  to  other  occupational 
neuroses  and  in  the  same  category  as  those  found  in  writers,  com- 
positors, telegraphers,  and  many  others." 

BEABINO  OF  INST7FFICIENT  ILLT7HINATION. 

As  regards  the  important  question  of  insufficient  or  imperfect  light- 
ing, the  opinion  is  expressed  by  Snell  ^  that  nystagmus  occurs  among 
miners  working  with  all  kinds  of  lighting,  and  that  he  has  met  with  it 
among  those  working  with  safety  lamps,  candles,  large  open  lamps,  as 
well  as  when  the  artificial  light  was  really  good.  He  concludes,  how- 
ever, that  there  are  reasons  ''for  beUeving  that  the  strain  is  greater 
the  worse  the  fight,  and  that  nystagmus  is  met  with  in  greater  fre- 
quency under  such  conditions."  He  quotes  Nieden  to  the  effect  that 
5  per  cent  of  coal  miners  suffer  from  nystagmus,  and  he  adds  that  his 
own  observations  support  this  view,  but  that  in  some  places  the  per- 
centage is  higher.  For  illustration,  among  men  working  at  a  colUery 
with  candles  only,  he  found  that  6  out  of  a  total  of  140  were  absent 
from  work  on  account  of  nystagmus,  and  that  this  represented  only 
a  part  of  those  who,  on  examination,  would  have  shown  to  have  been 
actually  affected  with  the  disorder.  Snell  ^  quotes  Bomi^,  a  Belgian 
authority,  to  the  effect  that  the  percentage  of  nystagmus  cases  was 
as  high  as  20,  but  he  adds  that  this  probably  includes  the  less  marked 
cases. 

a  Snell,  Simeon,  Op.  cit.,  p.  704.  &  Snell,  Simeon,  Op.  cit.,  pp.  700-762. 
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PRO0NOSIS,  TBEATMENT,  AND  CX7BB  OF  mTSTAaXUS. 

The  prognosis  in  nystagmus,  according  to  Snell;  is  usually  good, 
even  for  old-standing  cases,  if  the  directions  as  to  a  change  of  work 
are  followed,  and  in  such  cases  the  nystagmus  will  usually  disappear. 
As  to  treatment,  particularly  with  reference  to  a  change  of  occupation, 
Snell  **  points  out  that — 

In  some  cases  it  will  suffice  if  the  patient  ceases  from  coal  getting,  without  altogether 
stopping  work  in  the  mine,  but  generally  it  is  advisable,  especially  if  the  nystagmus  be 
of  a  high  degree  and  of  some  standing,  to  recommend  cessation  altogether  from  work 
undei^ound.  After  relief  has  been  effected,  return  to  the  mine  is  practicable,  pro- 
vided the  head  can  be  kept  straight  and  the  upward  turn  of  the  eyes  avoided.  Re- 
sumption of  the  old  kind  of  work  is  followed,  sooner  or  later,  by  a  recurrence  of  tiie 
symptoms.    Medicinal  treatment  is  also  of  service. 

Finally,  as  regards  the  occiurence  of  nystagmus  in  other  occupa^ 
tions  than  mining,  Snell  ^  states  that  he  observed  the  affliction, 
among  others,  in ''  compositors,  metal  roller,  plate  layer,  plank  cutter, 
saw  maker,  sanitary  tube  maker,  fitter,  iron  founder,  cage  worker  in 
a  mine,  glass  manufacturer,  youth  in  confectionery  warehouse,  and 
a  man  engaged  in  hanging  up  harness,  and  in  another  employed  at  the 
screens  at  the  surface  of  a  coal  mine." 

All  of  these  instances,  Snell  points  out,  occurred  under  circum- 
stances comparable  to  mine  work,  particularly  as  regards  the  strain 
upon  the  elevator  muscles  of  the  eyeball,  on  which,  in  his  opinion,  the 
degree  of  illumination  had  no  effect.  This  conclusion,  however,  is  not 
generally  accepted. 

FBEQT7ENCY  OF  OCCTTKBENCB. 

The  first  practical  question  is  the  probable  number  of  miners 
affected  with  nystagmus.  There  are,  unfortunately,  no  conclusive 
data  on  this  subject,  and  the  results  of  the  only  investigation  that 
appears  to  have  been  made  in  this  country — that  is,  in  the  State  of 
Illhiois — ^proved  negative.  AccordiQg  to  the  census  of  1910  the  num- 
ber of  men  employed  in  coal  mines  in  the  United  States  was  613,519. 
If  the  proportion  of  miners  affected  with  nystagmus  were  6  per  cent, 
the  number  of  such  cases  in  this  country  would  be  30,676.  In  view  of 
the  paucity  of  references  to  nystagmus  in  American  medical  literature, 
it  is  extremely  doubtful  whether  this  proportion  holds  good  for  this 
country,  as,  seemingly,  there  have  been  few  cases  in  American  mines, 
althoxigh  no  thoroughly  qualified  opthahnic  study  has  yet  been  made* 

One  of  the  most  important  contributions  including  American  data 
was  published  some  years  ago  by  Nieden,^  of  Bochum,  the  center  of 
the  coal-mining  district  of  Rhenish  Prussia.  The  study  includes  an 
examination  of  7,500  miners.    The  pure  rotatory  form  of  nystagmus 

a  Snell,  Simeon,  Eye  diseases  and  eye  accidents  in  relaUon  to  indostriiil  oompensatSm,  in  "DvogBmaa 
Trades/'  by  Thomas  Oliver,  London,  1902,  pp.  760-762. 
b  Snell,  Simeon,  Loc.  cit. 
c  Nioden,  A.,  Der  Nystagmus  der  Bergleate,  Wiesbaden,  1894, 140  pp. 
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was  found  to  occur  in  72  per  cent  of  the  cases,  the  oscillating  form  in 
12.5  per  cent,  and  the  mixed  form  in  15.5  per  cent.  Nieden  questions 
the  accuracy  of  Romi6e's  conclusion  regarding  a  proportion  of  20 
per  cent  of  nystagmus  cases;  and  his  own  investigations  made  for 
the  purpose  of  determining  the  facts,  at  least  for  the  mining  districts 
of  Rhenish  Prussia,  were  made  with  characteristic  German  thorough- 
ness, and  the  existence  of  nystagmus  in  an  acquired  form  was 
accurately  determined  in  299  cases  out  of  a  total  of  7,416  miners,  or 
4.03  per  cent. 

On  examination  of  2,003  miners  returning  from  work  he  foimd  a 
proportion  of  3.2  per  cent  suffering  from  nystagmus,  whereas  1,913 
men  on  conmiencing  work  were  found  to  suffer  in  the  proportion  of 
2.9  per  cent.  This  result  applies  to  a  particular  section  and  is,  there- 
fore, not  strictly  comparable  with  the  total  for  the  entire  group 
examined,  for  which  the  combined  percentage  of  nystagmus  cases 
was  4.03.  The  difference  as  regards  the  occurrence  of  nystagmus 
on  entry  or  exit  can  not  be  considered  of  great  importance,  but  a  more 
extended  inquiry  might  disclose  a  more  pronoimced  deviation  from 
the  normal. 

Nieden  adds  an  octremely  interesting  comparison  of  the  frequency 
of  nystagmus,  based  on  his  own  examinations  of  miners  and  the 
results  of  his  own  private  practice.  Out  of  3,017  miners  requiring 
attention  on  account  of  eye  troubles  during  a  period  of  seven  years, 
there  were  172  cases  of  nystagmus,  or  5.6  per  cent.  Against  this 
proportion  Nieden  quotes  29,640  private  cases  of  eye  afflictions,  out 
of  which  only  0.54  per  cent  were  cases  of  nystagmus.  In  his  opinion, 
therefore,  the  high  proportion  of  20  per  cent  as  given  by  Romi^e  was 
not  sustained  by  the  experience  in  the  Bochum  mining  district. 

It  is  quite  possible,  however,  that  wide  variations  would  be  foimd 
to  exist  in  different  coal  fields,  for  it  is  safe  to  maintain  that  the 
disease  in  the  coal  areas  of  the  United  States  is  relatively  rare;  in  fact, 
Nieden  points  out  that,  according  to  his  own  investigations,  most  of 
the  cases  of  nystagmus  occurred  among  miners  working  in  narrow 
seams,  and  that  miners  in  some  sections,  where  mining  conditions 
were  better,  were  practically  free  from  the  disease.  Thus,  for  illustra- 
tion, he  determined  that  in  the  coal  seams  north  of  Bochum  7  per  cent 
of  the  miners  were  afflicted  with  nystagmus,  whereas  in  the  coal  seams 
south  of  Bochum  only  0.25  per  cent  were  affected.  Upon  further 
inquiry,  however,  he  ascertained  that  in  the  northern  coal  seams  the 
use  of  safety  lamps  was  practically  universal,  whereas  in  the  southern 
coal  seams  most  of  the  men  worked  with  open  lamps  and  therefore 
under  better  conditions  as  regards  illumination.  He  determined,  by 
means  of  strictly  scientific  methods,  that  a  miner  using  a  Davy 
safety  lamp  during  an  eight-hour  period  worked  under  about  one- 
third  the  amount  of  illumination  normally  provided  by  an  open  lamp. 
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On  examining  the  records,  he  found  that  of  117  miners  treated  by 
him  on  accomit  of  nyatagmus,  107,  or  91 .4  per  cent,  used  safety  lamps, 
whereas  in  two  mines  using  open  lamps  and  employing  772  men,  only 
0.35  per  cent  was  found  to  be  afflicted  with  nystagmus.  He  points 
out,  however,  that  it  was  not  only  the  insufficient  illumination  derived 
from  the  Davy  lamp,  but  also  its  imperfect  construction  as  regards 
the  largest  amount  of  possible  effective  illumination  that  was  to  be 
held  responsible  as  a  causative  factor  in  nystagmus. 

The  relative  frequency  of  this  disease  is  referred  to  by  Shuffle- 
botham  as  follows:^ 

Dr.  Court  has  stated,  aa  a  result  of  the  examination  of  several  thousands  of  workmen, 
that  35  per  cent  of  coal  getters  are  subject  to  this  disease  to  some  extent.  Snell 
estimated  that  5  per  cent  of  all  colliery  workers  were  a£Fected,  but  he  did  not  discrimi- 
nate between  different  kinds  of  work  in  the  coal  pit.  Nieden,  who  examined  nearly 
90,000  coal  miners,  agrees  with  Snell  that  the  frequency  of  nystagmus  in  underground 
workers  is  somewhere  about  5  per  cent.  In  the  north  of  France  Dransart  and  Famechon 
have  given  10  per  cent  as  the  number  affected.  Bomi^  and  Thiebert,  of  Liege, 
during  1908  and  1910  examined  5,000  workmen  in  27  collieries.  More  than  three-fifths 
were  coal  getters,  and  on  the  average  21  per  cent  were  affected  with  symptoms 
of  nystagmus;  in  collieries  lighted  by  lamps  burning  heavy  oils  37  per  cent  of  the  coal 
getters  were  affected.  Bomi6e  had  made  a  similar  inquiry  in  the  same  district  in  the 
years  1877-78,  and  the  result  of  his  later  inquiry  was  to  show  a  marked  diminution 
in  the  number  of  cases  as  well  as  in  the  severity  of  the  symptoms.  Stassen,  who  in 
1909  exandned  3,385  colliers  descending  into  the  pit,  and  also  on  their  return  to  the 
surface,  found  that  15  per  cent  of  the  workers  were  affected  before  commencing  their 
work  and  22  per  cent  at  the  end  of  the  shift. 

Boger,  of  Hondeng-Geognies,  as  a  result  of  examining  over  7,000  workmen,  came  to 
the  conclusion  that  17.5  per  cent  were  suffering  from  nystagmus.  liebert,  the  chief 
inspector  of  mines  to  the  Belgian  Government,  found  different  percentages  of  miners 
affected  in  different  districts.  In  one  series  of  examinations  which  he  conducted  with 
the  help  of  Bomi^e  and  Thiebert  he  found  that  of  305  workmen  examined  in  one  pit 
73  were  affected  with  miners'  nystagmus,  giving  a  percentage  of  23.9,  and  he  refers 
to  a  memoir  dealing  with  3,685  workmen,  among  whom  704  showed  symptoms  of  this 
disease,  or  a  percentage  of  19.1.  ^ 

OTHER  EYE  DISEASES  OF  MINERS. 

Aside^  however,  from  the  question  of  imperfect  or  insufficient 
illimiination,  Nieden^  found  that  in  a  preponderating  number  of 
cases  the  miners  suffered  from  other  eye  afflictions,  including  tra- 
choma, dimness  of  the  cornea,  chronic  iritis,  irido-choroiditis,  atrophy 
of  the  optic  nerve,  etc.,  all  of  which,  of  course,  would  predispose  to 
nystagmus  under  the  special  conditions  of  imderground  work  at  the 
face  of  the  seam.  The  only  specific  suggestion  that  he  makes  as 
regards  prevention  is  the  necessity  for  better  artificial  illumination 
by  means  of  safety  lamps,  and  he  refers  to  electric  mine  lamps  used 
in  the  Newcastle  (England)  district,  but  these,  of  coiurse,  do  not 
indicate  the  presence  of  dangerous  gases. 

a  Shufflebotham,  Fraxik,  The  hygienic  aspect  of  the  coal-mining  industry  in  the  United  Kingdom: 
Brit.  Ifed.  Joor.,  Ifar.  21, 1914,  p.  648. 
»  Nleden,  A.,  Der  Nyitegmus  der  Bergleate,  Wiesbaden,  1894. 
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CX>NCLXTSIONS  OF  UNDEICANN. 

On  the  occasion  of  the  Fifteenth  International  Congress  on  Hy- 
giene and  Demography,  Idndemanny^  chief  medical  director  of 
the  Bochimi  Miners'  Union,  contributed  an  address  on  the  occupa- 
tional diseases  of  miners,  in  which  the  subject  of  nystagmus  is  briefly 
referred  to.  He  admits  that  the  disease  is  of  comparatively  coiomon 
occurrence,  and  points  out  that  general  debility,  anemia,  and  alco- 
holism may  be  contributory  causes,  aside  from  the  high  underground 
temperature  and  excessive  muscular  strain.  He  dissents  from  certain 
conclusions  by  Snell  with  regard  to  the  inability  of  miners  suffering 
from  nystagmus  to  recognize  in  time  the  blue  cap  on  the  safety 
lamp,  indicating  dangerous  gaseous  conditions.  According  to  his 
own  investigations,  miners  suffering  from  nystagmus  were,  without 
exception,  able  to  determine  the  presence  of  fire  damp  to  the  extent 
of  2  to  3  per  cent  with  absolute  certainty.  He  refers  to  the  rule  of 
the  Allgemeiner  Knappschafts  Verein  zu  Bochum  (Bochum  Miners' 
Union)  (which  is  the  compulsory  miners'  insurance  association) 
that  miners  afflicted  with  nystagmus  are  not  permitted  to  work 
underground,  and  that  nystagmus  itself  entitles  to  compensation, 
both  as  regards  money  payments  for  support  and  medical  treatment, 
as  well  as  an  invalidity  pension.  He  states  that  an  additional  rule 
is  to  the  effect  that  miners  whose  normal  vision  has  been  reduced 
50  per  cent  are  not  permitted  to  work  undergroimd.  As  regards 
treatment,  he  states  that  good  results  follow  only  when  imderground 
work  is  discontinued  at  an  early  stage  of  the  disease. 

In  this  connection  a  brief  reference  may  be  Qiade  to  the  recently 
published  experience  of  the  Bochum  Miners'  Union  ^  for  the  year 
1912,  as  regards  the  frequency  of  nystagmus  as  a  cause  of  invalidity. 
Out  of  3,605  cases  of  invalidity,  649,  or  18  per  cent,  were  on  account 
of  nystagmus,  and  75,  or  2.1  per  cent,  on  account  of  other  diseases 
of  the  eye.  As  the  membership  of  the  fund  for  the  year  1912  was 
376,000,  this  would  be  equivalent  to  an  invalidity  rate  on  account 
of  nystagmus  of  1.73  per  1,000  employed. 

The  foregoing  preliminary  observations  emphasize  the  practical 
importance  of  nystagmus  wherever  the  disease  prevails  to  a  con- 
siderable extent.  A  strictly  localized  investigation  should  limit 
itself  to  a  mining  district  in  which  the  miners  use  safety  lamps  and 
undercut  the  coal  with  the  pick. 

a  TitndamMiTi,  Wflheliii,  thwr  die  Un^Qcksf&lle  and  Benibknmldkeitsn  der  Minen  und  Ttumelarbeltor: 
Trans.  Fifteenth  Int.  Cong,  on  Hygiene  and  Demography,  toL  8, 1913,  pp.  673-600. 
fr  VerwaltongihBeriDhte,  Allgemeiner  Knappschafts  Verein  ta  Bochum,  1912,  Bochum,  Oermany,  1913. 
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mrsTAOMUs  as  a  mznino  pbobubx. 

Nystagmus  is  not  referred  to  in  the  ''Report  on  Mining  Methods 
and  Appliances  Used  in  the  Anthracite  Coal  Fields/'  ^  published  by 
the  Second  Geological  Survey  of  Pennsylvania  in  1883.  There  is 
also  no  reference  to  the  disease  in  the  section  on  "Hygiene  of  Occu- 
pation" *  published  in  Buck's  "Hygiene  and  Public  Health/'  in 
1879.  The  importance  of  the  disease  has  come  to  the  front  as  a 
practical  question  in  mine  management  only  since  the  adoption  of 
the  workmen's  compensation  act  in  England  of  1906  and  the  inclusion 
of  nystagmus  in  the  schedule  of  occupational  diseases  for  which  com- 
pensation is  required  to  be  paid.  In  a  treatise  by  Cockin'^  it  is  said 
under  "Nystagmus"  that — 

This  is  a  disease  which  affects  the  nerves  of  the  eyes;  it  is  more  prevalent  among 
those  who  work  by  the  light  of  safety  lamps  than  among  those  who  use  naked  lights. 
The  cause  of  nystagmus  is  thought  to  be  either  the  constant  dazzling  of  the  eyes  by 
the  bright  concentrated  light  of  safety  lamps  or  the  strain  put  upon  the  muscles  of 
the  eyes  by  work,  such  as  holing.  The  symptoms  of  this  disease  are  a  twitching  of 
the  eyes  and  impaired  sight. 

This  inadequate  reference  emphasizes  the  lack  of  appreciation  of 
the  importance  of  an  affliction  that  may  be  much  more  common  in 
this  country  than  is  generally  supposed.  As  there  is  unquestionably 
close  interrelation  between  nystagmus  and  the  use  of  safety  lamps, 
it  is  regrettable  that  the  extended  consideration  given  to  this  part  of 
mine  equipment  in  most  of  the  textbooks  on  coal  mining  should  be 
practically  without  useful  references  to  the  prevention  of  a  disease 
which,  wherever  it  occurs,  is,  without  question,  a  most  serious 
affliction  of  the  me)i  employed,  and  an  important  factor  of  cost  in 
mine  management  wherever  workmen's  compensation  laws  require 
compensation  to  be  paid  for  cases  of  nystagmus  directly  attributable 
to  the  employment. 

MEDICAL  CON8IDSBATIONS. 

It  has  therefore  seemed  advisable  to  enlarge  upon  the  medical 
aspects  of  a  problem  that  is  practically  certain,  in  the  near  future,  to 
attract  attention  in  the  United  States,  if  only  along  n^ative  lines, 
to  prove  beyond  a  doubt  that  the  affliction  is  not  as  common  in  this 
country  as  it  is  known  to  be  abroad.  As  pointed  out  in  an  editorial 
in  the  Journal  of  the  American  Medical  Association:^ 

The  careful  study  of  occupational  diseases  is  one  of  the  features  of  the  modem  con- 
servation movement  coming  with  the  recognition  of  the  economic  advantage  which 
attaches  to  the  preservation  of  health  in  the  industrial  population.  As  an  instance 
of  the  financial  aspects  of  some  of  these  matters  we  may  cite  a  recent  estimate  of  the 
cost  of  the  1,618  cases  of  miners'  nystagmus  in  the  United  Kingdom  in  1910.    The 

a  By  H.  M.  Chanoe;  573  pp. 

i>  Buck,  A.  H.,  A  treatise  on  hygiene  and  public  health;  Hygiene  of  occupation,  by  R.  S.  Tracy,  vol.  2, 
1879,  pp.  1-06. 
e  Cockin,  T.  H.,  Practical  coal  mining,  1909,  p.  406. 
<>  VoL  £0,  Aug.  17, 1912,  p.  547. 
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compeiiflation  of  these  individuab  is  calculated  at  over  $155,000,  a  figure  which  does 
not  take  into  account  the  poor  earning  capacity  of  the  men  In  the  incipient  stages  of 
the  disease  and  other  profits  lost  by  the  employers.  Aside  from  its  purely  humani- 
tarian or  scientific  aspects,  therefore,  successful  investigation  of  such  an  Industrial 
disease  promises  to  i)ay  a  rich  return.  This  statement  needs  to  be  brought  home  to 
American  captains  of  industry  who  have  as  yet  made  only  a  beginning  in  a  direction 
almost  certain  to  lead  to  a  profitable  outcome  from  every  point  of  view. 

Among  miners  nystagmus  is  an  occupational  neurosis  characterized  by  an  involun- 
tary oscillation  of  the  eye-bulbs  on  fixation.  It  seems  to  be  confined  to  the  workers 
in  coal  mines  and  prevents  the  miner  from  accurately  fixing  anything  toward  which 
his  vision  is  directed.  Such  a  disturbance  of  vision  evidently  must  seriously  impair 
the  working  capacity  of  an  individual  who  needs  to  strike  accurately  with  his  pick 
or  to  match  timbers  well  in  collieries. 

There  are  two  prominent  views  with  regard  to  the  etiology  of  the  disease.  One  of 
these  attributes  the  nystagmus  to  the  strain  of  accommodation  in  the  presence  of 
deficient  light;  the  other  view  associates  the  disease  with  the  positions  taken  by  the 
colliers,  and  assumes  that  there  is  a  local  myopathy  affecting  the  elevator  muscles  of 
the  eye.  The  cause  and  prevention  of  miners'  nystagmus  has  been  investigated 
lately  by  Dr.  T.  L.  Llewellyn.  It  is  a  striking  fact  that  the  disease  does  not  occur  in 
the  metalliferous  mines  where  safety  lamps  are  not  required.  In  mines  where  can- 
dles can  be  used  or  where  electric  lamps  are  in  operation  nystagmus  is  not  found. 
Now  the  safety  lamp  gives  much  less  light,  quickly  becomes  dirty,  throws  shadows, 
and  must  be  placed  out  of  the  reach  of  the  picks.  We  are  apt  to  overlook  the  amount 
of  our  light  which  is  due  to  the  diffuse  reflection  from  the  walls  of  the  room  in  which 
we  happen  to  be.  In  the  coal  mine  practically  all  of  the  light  is  absorbed;  hence  the 
need  of  satisfactory  sources  of  illumination. 

The  disease  is  shown  to  attack  the  men  who  use  their  eyes  in  a  much  huger  pro- 
portion than  the  other  men.  A  large  proportion  of  them  suffer  from  errors  of  refrac- 
tion. All  have  weakness  of  acconmiodation.  Llewellyn  regards  nystagmus  as  a 
disease  of  great  complexity  and  one  in  which  many  factors  are  at  work.  The  chief  of 
these  is  strain  caused  by  deficient  light.  He  believes  that,  as  the  result  of  working 
for  long  periods  in  the  comparative  darkness  of  the  pit,  the  cells  of  the  retina  proba- 
bly lose  their  power  of  producing  sufficient  pigment  for  exact  vision.  This  failure 
occurs  sooner  in  fair  blue-eyed  people  and  in  those  who  are  subject  to-  a  greater  eye- 
strain, owing  to  errors  of  refraction.  The  more  frequent  occurrence  of  nystagmus  in 
winter,  the  loss  of  visual  acuity,  the  dread  of  light,  are  all  points  in  favor  of  this  theory. 
Another  is  the  oblique  position  in  which  the  head  is  held  in  many  cases,  whereby  an 
attempt  is  presumably  made  by  the  patient  to  bring  a  fresh  part  of  the  retina  into  ac- 
tion.   Darkness  itself,  Llewellyn  suggests,  is  not  enough  to  set  up  nystagmus. 

Here  are  the  preventive  measures  proposed:  No  man  with  refractive  errors  should 
be  allowed  to  work  undeiground  and  no  man  should  be  employed  without  medical 
examination.  Above  all,  however,  comes  the  improvement  in  the  lighting  power 
of  the  miner's  lamp.  If  possible  a  lamp  giving  a  diffused  light  should  be  introduced. 
Improved  ventilation  also  means  a  better  light.  The  study  of  the  introduction  of 
electric  lamps  promises  to  be  of  great  interest  in  this  connection. 

CX>NTBOVEBSIAI<  ASPECTS. 

Much  to  the  same  effect  is  an  extended  editorial  discussion  on  the 
subject  in  the  British  Medical  Journal  ^  of ,  April  13,  1912.  The  edi- 
torial draws  attention  to  the  correspondence  between  Markham,  a  coal 
owner,  and  the  Secretary  of  State  for  the  Home  Department,  arising 

a  Pp.  853^654. 
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out  of  a  letter  to  Markham  from  Dr.  J.  Court,  of  Stavely,  D^by- 
shire,  whose  views  are  based  on  40-years'  experience  in  coal-mining. 
Court  urged  that  an  inquiry  should  be  imdertaken  into  the  eyesight 
of  all  men  and  boys  working  in  collieries  and  other  mines  in  Great 
Britain,  where  both  naked  lights  and  safety  lamps  are  used,  in  order  to 
ascertain  (1)  the  cause  or  causes  of  miner's  nystagmus;  (2)  the  dura- 
tion and  best  means  of  cure;  (3)  whether  there  is  a  constitutional 
liabihty;  (4)  whether  one  attack  predisposes  to  another;  (5)  whether 
mild  cases  of  nystagmus  incapacitate  a  miner  for  work  underground; 
and  if  so,  to  what  extent;  and  (6)  whether  miner's  nystagmus  causes 
the  sufferer  to  be  a  danger  to  himself  and  other  miners  at  work  with 
him.    An  abstract  from  the  editorial  follows: 

There  are  two  views  as  to  the  cause  of  miners'  nystagmus.  The  one  attributes  it  to 
eyestrain  due  to  worldng  in  a  badly  lighted  space  with  black  light-absorbing  sur- 
faces; the  other  to  strain  of  the  extrinsic  muscles  of  the  eye,  especiaUy  of  the  elevator 
muscles,  due  to  the  position  of  the  miner  when  at  work  at  the  coal  face,  or  when  exam- 
ining the  roof  of  the  workings  to  detect  gas  or  threatening  falls.  The  view  hitherto 
most  generally  accepted  is  the  second,  a  theory  which  brings  the  condition  into  the 
same  category  as  writer's  cramp  and  other  occupational  neuroses.  This  theory  was 
strongly  held  by  the  late  Mr.  Simeon  SneU,  who  supported  it  by  many  cogent  aigu- 
ments  drawn  from  his  long  experience  in  treatmg  eye  affections  among  coal  miners. 
He  had  the  support  of  Nieden,  Draosard,  and  some  other  continental  authorities,  but 
the  theory  has  always  been  open  to  the  objection  that  the  disorder  is  seldom  met  with 
except  among  men  working  in  coal  mines;  those  engaged  in  other  mines,  it  is  said,  are 
seldom  or  never  affected  in  this  way.  In  a  paper  on  the  causes  and  prevention  of 
miner's  nystagmus,  commimicated  recently  to  the  Royal  Society  by  Dr.  J.  S.  Haldane, 
Dr.  T.  L.  Llewellyn,  of  Bargoed,  Glamcxganshire,  advanced  the  theory  that  the 
nystagmus  was  due  to  a  condition  of  imperfect  centripetal  impulses  (imperfect  fixa- 
tion, disturbance  of  equilibrium,  etc.),  the  intimate  connection  between  the  centers 
governing  the  associated  movements  of  the  eyes  being  lost  and  incoordinate  move- 
ments ensuing.  Dr.  Haldane  has  informed  the  Home  Secretary  that  Dr.  Llewellyn's 
researches  in  a  number  of  coal  fields  and  also  among  metalliferous  miners  confirm  Dr. 
Court's  conclusion  as  to  the  connection  between  nystagmus  and  the  very  poor  light 
given  by  ordinary  safety  lamps.  Dr.  Llewellyn  found  errors  of  refraction  (hyper- 
metropia,  or  astigmatism)  present  in  93  i>er  cent  of  280  cases  examined,  and  concludes 
that  the  personal  proclivity  to  the  disorder  which  is  undoubtedly  an  important  factor, 
since  only  a  small  percentage  of  coal  miners  are  affected,  may  be  due  to  these  defects^ 
but  he  admitted  that  accident,  shock,  and  ill  health  are  also  predisposing  factors. 
He  found  that  the  disorder  certainly  diminished  with  improved  illumination,  being 
almost  unknown  in  naked-light  districts,  and  the  principal  preventive  measures  he 
indicated  were  improvement  of  illumination  (which  Dr.  Court  also  advocates,  suggest- 
ing the  use  of  electric  lamps),  employment  of  coal-cutting  machines  in  thin  seams, 
and  the  elimination  of  unfit  workers  by  medical  examination. 

NYSTAGMUS  A  MINE-SA7BTY  PBOBUBM. 

The  practical  importance  of  these  observations  is  obvious.  The 
evidence  upon  several  important  controversial  points,  however,  conld 
hardly  be  considered  sufficient.     SneU,^  in  his  address  as  president 

a  Snell,  Simeon,  President's  address  delivered  at  the  seventy-sixth  annual  meeting  of  the  British  Ifed- 
ioal  Association:  Brit.  Med.  Jour.,  Aug.  1, 1908,  p.  243. 
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of  the  British  Medical  Association  in  1908;  described  experiments 
made  with  the  assistance  of  Dr.  A.  Stokes,  a  Government  inspector  of 
mines,  ''which  seem  to  estabhsh  the  very  important  practical  pomt 
that  an  undergromid  coal  worker  suffering  from  miner's  nystagmus 
was  not  able  to  recognize  the  'cap'  which  forms  on  a  safety  lamp  in 
the  presence  of  fire  damp."  As,  imder  given  conditions,  it  is  desirable 
to  recognize  a  quantity  of  gas  smaller  even  than  2  per  cent,  the  impUca- 
tion  was  that  miners  suffering  from  nystagmus  in  dangerous  mines 
requiring  the  constant  use  of  safety  lamps  should  not  properly  be 
intrusted  with  their  respective  duties.  According  to  the  editorial 
in  the  British  Medical  Journal,"  — 

The  disability  to  see  the  ''cap "  is  due  to  the  fact  that  the  oscillations  of  the  eyeballs 
give  the  sufferer  the  impression  that  the  object  looked  at  is  in  motion;  he  sees  his  safety 
lamp  and  its  flame  as  if  moving,  or  ''dancing/'  as  he  expresses  it.  The  more  rapid 
the  oscillations  the  more  rapid  the  apparent  movement  of  the  lamp,  as  the  oscilla- 
tions may  vary  from  100  to  anything  up  to,  say,  350  in  a  minute,  the  apparent  move- 
ments of  the  safety  lamp  may  be  very  quick  indeed,  producing  little  more  than  the 
appearance  of  a  blur  of  light.  The  oscillations  may  be  to-and-fro,  or  rotary,  or  the 
two  may  be  combined,  but  rotary  movements  are  seldom,  if  ever,  absent,  and  a  miner 
frequently  describes  the  safety  lamp  as  appearing  to  move  rather  more  in  an  eclipse 
than  in  a  circle.  The  nystagmus  is  arrested  by  turning  the  eyes  downward,  but  in 
searching  for  fire  damp  the  examiner  must  give  particular  attention  to  the  roof,  and 
consequently  must  often  look  up  when  lying  or  stooping  in  a  very  constrained  attitude. 

The  foregoing  discussion  was  evidently  intended  to  emphasize  the 
necessity  for  medical  examination,  particularly  with  reference  to  the 
claims  for  compensation  made  on  account  of  nystagmus  in  recent 
years  in  the  United  Eungdom.  According  to  Llewellyn,^  1,618  men 
suffering  from  miners'  nystagmus  received  compensation  in  the  United 
Kingdom  in  1911.  The  subject  was  therefore  shown  to  be  one  of 
fairly  considerable  importance  to  the  mining  industry.  Even  more 
important  was  the  final  conclusion,  that  '^were  it  established  that 
nystagmus  in  the  'deputies'  or  ^firemen'  [equivalent  to  fire  bosses 
in  the  United  States]  whose  duty  it  is  to  search  for  fire  damp  was  even 
an  occasional  cause  of  explosions,  the  arguments  in  favor  of  systematic 
medical  inspection  would  be  greatly  strengthened." 

FACTOBS  OF  CAUSATION  OF  NT8TAOMU8. 

The  conclusions  of  Snell  were  not  new  to  those  famiUar  with  the 
subject.  As  far  back  as  1891,  the  Medical  Record  ^  of  New  York  con- 
tained a  statement  to  the  effect  that — 

Dr.  Snell  peraists  in  his  opinion  that  there  is  no  reason  for  supposing  that  nystagmus 
or  the  nervous  disease  which  manifests  itself  in  a  morbid  winking  of  the  eye,  so  com- 
mon among  mineis,  is  attributable  to  working  by  the  imperfect  light  of  the  safety 

-  -  -  -  -  -  - — ■ — ■ —    - — I 

a  Apr.  13, 1912,  p.  863. 

fr  LleweUyn,  T.  L.,  A  lecture  on  miners'  nystagmus.    Delivered  at  the  Mining  ICacblnery  Exhibition, 
London,  on  liay  31, 1913:  Brit.  Med.  Jour.,  June  28, 1913,  p.  1369. 
«  Anonymous,  Morbid  winking  by  miners:  Medical  Record,  Oct.  10, 1891,  p.  468. 
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lamp.  The  fact  that  the  complamt  is  found  among  the  worken  with  naked  liglitB 
is  in  itaelf  sufficient  to  throw  doubt  upon  the  long-prevalent  theory.  The  Gorezn- 
ment  ixispector  of  mines  for  the  Midland  District  notes,  on  Dr.  Stoke's  authority,  the 
case  of  a  man  who,  after  working  with  the  Davy  lamp  for  14  years  without  injury, 
proceeded  to  work  at  a  pit  where  candles  were  used.  He  had  been  employed  there 
for  some  three  and  one-half  years,  and  during  the  last  12  months  he  experienced 
symptoms  of  nystagmus,  and  had  ultimately  to  leave  work  and  seek  medical  aid. 
Dr.  Snell  has  coUected  a  mass  of  facts  and  a  record  of  a  laige  number  of  instances  of 
men  suffering  from  the  infection,  which  will,  he  believes,  be  very  corroborative  of 
the  views  he  has  before  set  forth,  namely,  that  the  prime  cause  of  the  affection  is  to 
be  found  in  the  position  assumed  by  the  miner  at  his  work. 

OFHTHAXMOIiOaiCAI.  TB8TS. 

In  1908  the  Engineering  and  Mining  Journal  ^  contained  an  article 
on  the  subject,  bearing  also  on  the  investigations  of  Dr.  SneU,  briefly 
summarized  below: 

A  miner  with  nystagmus  when  looking  at  a  safety  lamp  gets  the  impression  that  the 
object  looked  at  is  in  motion.  This  is  caused  by  the  oeciUations  of  the  eyeball,  and 
is  due  to  the  weariness  of  the  elevators  of  the  eyes  caused  by  working  in  constrained 
positions  in  the  mine. 

Forty-eight  miners  were  tested  in  the  ophthalmoscopic  dark  room  in  the  Shef- 
field hospital.  These  men  were  brought  from  13  different  collieries  and  were  exam- 
ined with  regard  to  their  capacity  to  detect  the  ^'cajM"  of  safety-lamp  fiamee.  All 
of  these  men  failed  to  detect  a  ''cap"  until  a  dangerous  amount  of  gas  was  present. 
One  could  not  see  a  laige  "cap  "  at  all.  He  said  his  lamp  was  "spinning  too  much"; 
another  could  not  see  a  "cap"  until  he  steadied  his  eyes.  He  then  saw  a  1-inch 
"cap."  One  who  had  nystagmus  in  a  marked  degree  reeled  like  an  intoxicated  man 
when  rising  from  the  floor  from  the  kneeling  position  he  had  assumed  in  reading  the 
lamp.    The  lamp  was  full  of  gas  before  he  detected  a  "cap." 

The  results  of  the  experiments  were  so  astonishing  that  members  of  the  association 
now  advocate  the  periodical  medical  examination  of  aU  officials  whose  duty  it  is  to 
make  the  daily  gas  tests  in  coal  mines.  Each  inspector  diould  be  tested  for  vision 
as  carefully  as  locomotive  drivers  and  signalmen.  Gas  tests  with  the  safety  lamp 
are  almost  useless  unless  the  tester  has  good  vision.  It  might  be  valuable  if  the  ques- 
tion of  vision  would  be  investigated  by  the  Accident  in  Mines  Gonmiission,  now  sitting 
in  Pennsylvania. 

The  suggestion  that  the  subject  should  be  investigated  by  the 
Accident  in  Mines  Commission  of  the  State  of  Pennsylvania  was  not 
carried  into  effect. 

The  technical  aspects  of  astigmatism  and  visual  acuity  are  ex- 
tremely involved  and  do  not  permit  of  an  extended  discussion  on  this 
occasion.  Thd  following  extract,  however,  from  an  address  on 
miners'  nystagmus  by  Shufflebotham  ^  is  included  as  suggestive  of 
the  direction  in  which  inquiries  of  this  kind  are  most  likely  to  be 
practically  useful: 

Visual  acuity  is  nearly  always  diminished,  even  in  convalescent  cases  where  there  is 
no  oscillation  of  the  eyeballs.     In  severe  types  of  nystagmus  where  the  oscillatory 

o  Eng.  and  Hln.  Jour.,  Mar.  21,  vol.  85, 1906,  p.  1012. 

6  Shufflebotham,  Frank,  Mimen'  nystagmus:  Brit.  Med.  Jour.,  Mar.  21, 1014,  p.  660. 
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movements  of  the  eyeballB  are  coimtant,  it  is  impossible  to  estimate  the  field  of  viaion. 
Out  of  between  60  and  70  cases  of  coal  minen'  nystagmus  Oridland  found  it  possible 
to  take  the  field  of  vision  in  25.  Nearly  all  the  patients  he  investigated  were  men  who 
had  been  compelled  to  give  up  their  work  on  account  of  the  severity  of  the  symptoms. 
The  results  of  his  examination  of  these  cases  showed — 

1.  That  contraction  -existed  for  white,  blue,  and  red  in  practically  all  the  cases 
examined. 

2.  The  contraction  was  of  concentric  type  and  symmetrical  in  shape,  although  not 
always  in  depth. 

3.  In  the  majority  of  cases  the  colors  were  in  their  correct  order,  but  occasionally 
interlacing  of  the  red  and  blue  occurred,  the  correct  order  being  recovered  as  the  case 
improved. 

4.  The  contractions  for  red  and  blue  were  generally  greater  than  those  for  white  and 
rather  greater  for  red  than  blue. 

5.  By  grouping  the  cases  into  mild,  moderate,  and  severe  types  the  fields  broadly 
showed  corresponding  contractions. 

6.  Speaking  generally,  as  the  disease  improved  the  fields  of  vision  improved,  but 
contraction  persisted  as  long  as  any  subjective  symptoms  were  present  and  although 
oscillatory  movements  could  not  be  elicited  by  any  test. 

7.  Most  of  the  cases  showed  more  or  less  marked  signs  of  such  symptoms  as  clonic 
spasm  of  the  eyelid,  twitching  of  the  neck,  etc.,  but  tiiere  seems  to  be  no  direct  rela- 
tionship between  the  presence  and  the  degree  of  these  signs. 

AKBBICAN  INVESTiaATIOKS. 

The  question,  however,  was  taken  up  by  the  Illinois  Commission 
on  Occupational  Diseases,  which  made  its  report  <*  under  date  of 
January,  1911. 

The  following  is  our  report  of  our  investigation  of  miners'  nystagmus  in  the  State 
of  Illinois.  Two  factors  are  operating  to  make  this  disease  less  frequent.  Firstly, 
the  condition  is  limited  to  pick  miners,  and  they  are  becoming  less  numerous  yearly 
on  account  of  the  increase  of  machine  mining.  The  following  figures,  taken  from  the 
Illinois  Coal  Reports  for  the  year  ended  June  30,  1908,  show  the  percentage  of 
machine  mining:  Total  quantity  of  coal  mined  by  hand,  34,062,029  tons;  total  quan- 
tity of  coal  mined  by  machine,  15,210,425  tons,  or  over  30  per  cent;  total  number  of 
men  employed  about  the  mine  in  all  capacities,  70,841;  total  number  of  men  em- 
ployed in  actual  mining,  46,194;  total  number  of  men  employed  in  machine  mining, 
about  16,000;  total  number  of  pick  men,  30,194.  From  the  foregoing  we  see  that  of 
the  total  of  70,841  employed  only  about  30,194  [or  42.6  per  cent]  belong  to  the  class  of 
workmen  subject  to  mineis'  nystagmus. 

Secondly:  The  disease  is  confined  to  those  pick  men  who  work  with  the  eyes  in  an 
unnatural  position;  that  is,  looking  upward  and  to  one  side.  Previous  to  the  passing 
of  the  gross-weight  law  some  years  ago,  the  men  were  paid  only  for  coal  which  would 
pass  over  a  screen  of  a  certain  size.  This  caused  the  men  to  do  a  lot  of  overhead 
pick  work  in  order  to  obtain  the  coal  in  laige  pieces.  The  gross-weight  law  forced 
the  owners  to  pay  for  the  entire  quantity  mined,  and  the  miners  now  assume  a  more 
natural  position.  Of  the  30,194  pick  men  in  Illinois,  we  examined  the  eyes  of  about 
500,  or  one-sixtieth  of  the  entire  number,  without  finding  a  single  case.  Two  men 
had  complained  of  subjective  symptoms  of  the  disease  in  the  past,  but  at  the  time 
of  the  examination  showed  no  objective  symptoms. 

a  Lane,  Francis,  and  Ellis,  J.  B.,  Report  of  Commission  on  Occupational  Diseases;  Miner's  nystagmus, 
1911,  p  155. 
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Oanduaions.— The  disease  ia  rare,  and,  owing  to  the  passage  of  the  graas-wejg^t 
law  and  the  increase  of  machine  mining,  it  is  becoming  lesB  freqnent  in  the  8trte 
of  Illinois.    The  only  cure  is  cessation  of  the  occupation  which  caused  it. 

The  conclusions  of  this  investigation  were  negative,  but  the  inves- 
tigation was  seemingly  not  made  with  the  required  degree  of  scien- 
tific thoroughness. 

FBBQX7ENCY  OF  NYSTAaXITS  IN  EKOLAKD. 

A  further  original  investigation  was  made  by  Butler,^  honorary 
ophthalmic  surgeon  to  the  Coventry  and  Warwickshire  Hospital. 
Butler  points  out  that — 

In  all  colliery  centeis  mineis'  nystagmus  is  a  common  disease.  It  is  scheduled 
under  the  act  of  1906  as  a  condition  for  which  a  miner  may  claim  compensation,  and 
80  a  knowle(^e  of  its  leading  characteristics  is  essential  to  all  medical  men  practicing 
in  such  a  district.  The  average  ophthalmic  textbook  devotes  only  a  few  lines  to 
the  affection,  and  even  the  meager  information  given  is  apt  to  be  somewhat  dogmatic 
and  inaccurate. 

Butler  further  states  that  the  sjrmptoms  in  a  severe  case  are 
characteristic;  and  briefly  describes  them  as  follows: 

The  eyes  oscillate  violentiy,  the  eyelids  twiteh,  and  the  man  appeals  to  be,  and 
often  is,  in  a  state  of  great  nervous  agitation.  When  his  visual  acuity  is  tested  with 
the  types  it  will  generally  be  found  to  be  as  low  as  one-tenth  of  the  normal.  He  is 
quite  unable  to  read  or  to  continue  at  his  work,  and  will  frequentiy  complain  that  he 
can  not  see  his  way  about  in  the  dark.  But  such  a  violent  attack  is  imconmion,  and 
it  will  be,  therefore,  proper  to  consider  in  detail  the  more  useful  manifestations  of 
the  affection. 

The  history  is  typical.  The  miner  has  almost  invariably  worked  some  yean  In 
the  pit,  and  has  in  most  cases  been  a  ''holer,"  one  who  lies  on  his  side  and  under- 
cuts the  seam  of  coal.  He  first  notices  that  at  the  end  of  a  day's  work  the  lights  begin 
to  ''dance.''  They  may  dance  vertically,  horizontally,  or  in  a  circular  fashion 
like  a  Catherine  wheel.  He  can  for  a  time  overcome  this  oscillation  by  looking 
down  and  resting  his  eyes.  Soon,  however,  the  dancing  commences  earlier  in  the 
day,  and  he  more  frequently  has  to  "steady"  his  eyes,  and  finally  the  lights  begin 
to  dance  as  soon  as  he  enters  the  mine,  and  work  becomes  impossible.  At  this 
period  the  subjective  sense  of  movement  may  cause  vertigo. 

In  the  early  stages  of  miners'  nystagmus  the  sufferer  is  free  from  trouble  when  he 
leaves  the  pit,  but  as  the  disease  progresses  nystagmus  is  present  when  it  grows  dark 
and  the  street  lamps  are  lighted.  Eventually  nystagmus  is  always  noticed,  even 
in  daylight. 

At  the  beginning  of  the  case  nystagmus  commences  only  when  the  eyes  are  con- 
siderably raised,  then  it  appears  as  soon  as  the  gaze  rises  above  the  normal  plane, 
and  later  it  ceases  only  when  the  subject  looks  down.  In  fact,  the  severity  of  the 
attack  can  be  accurately  gaged  by  the  angle  above  or  below  the  -primary  position  at 
which  nystagmus  can  be  elicited.  The  position  of  the  head,  however,  has  nothing 
whatever  to  do  with  the  matter;  nystagmus  can  be  demonstrated  just  as  easily  in  the 
supine  posture  if  the  eyes  be  directed  toward  the  brows  as  it  can  in  the  erect.  Petera 
is  quite  incorrect  when  he  states  that  nystagmus  ceases  if  the  head  be  thrown  back. 
It  does  so  in  many  cases  if  the  patient  looks  at  the  same  object,  but  if  he  moves  his 
eyes  back  pari  passu  with  his  head  nystagmus  does  not  cease. 

a  Butler,  T.  H.,  Miners'  nystagmus:  Brit.  Med.  Jour.,  Mar.  6, 1910,  pp.  6S&-6S9, 
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In  a  slight  caae,  or  one  which  is  in  process  of  cure,  it  may  often  be  impossible  to 
detect  any  nystagmus  by  simply  raising  the  eyes.  Reid  has  taught  us  that  if  we 
rotate  the  patient  several  times,  imtil  he  is  a  little  giddy,  and  then  direct  his  eyes  to 
the  ceiling,  nystagmus  may  appear.  If  we  can  produce  no  nystagmus  by  this  method 
it  is  safe  to  assume  either  that  the  case  is  not  one  of  nystagmus  or  that  it  has  been 
cured. 

The  direction  of  the  nystagmus  may  be  vertical,  horizontal,  or  circular.  In  my 
own  practice  the  vertical  variety  has  been  rare.  One  eye  may  have  a  different  kind 
of  nystagmus  from  the  other. 

Hemeralopia  may  be  present.  Court  found  it  in  127  cases  out  of  164;  Dransart 
detected  it  in  5  per  cent  of  his  patients.  Romi^e  states  that  he  has  never  seen  this 
symptom,  although  he  has  examined  several  thousand  individuala.  My  own  experi- 
ence has  been  that  night  blindness  is  undoubtedly  a  symptom  of  the  disease.  Prob- 
ably at  least  25  per  cent  of  all  cases  are  unable  to  see  in  the  dusk. 

Visual  acuity  is  unaffected  when  the  eyes  are  at  rest.  If  the  types  be  placed  on 
the  floor  level  and  the  miner  stand  upon  a  chair,  he  may  read  the  last  line;  if  he  sit 
down  and  the  types  be  hung  on  the  wall,  he  may  fail  to  read  the  top  line. 

The  "holing"  mentioned  by  Butler  is  somewhat  at  variance  with 
American  mining  practice  and  has  been  described  as  follows  in  an 
address  on  miners'  nystagmus  by  Frank  ShufiBebotham:  ^ 

Symptoms  of  nystagmus  are  most  commonly  found  among  miners  engaged  in  holing, 
a  process  which  consists  of  cutting  the  coal  seam  so  as  to  get  out  the  coal  in  pieces  as 
large  as  possible.  The« holer  lies  on  his  side  with  his  knees  drawn  up  and  his  head 
thrown  backward,  and  he  strikes  the  coal  with  a  horizontal  swing,  ^e  lamp  being 
placed  near  his  feet.  He  may  undercut  the  seam  or  ''top  cut"  it,  but  in  either  case 
the  muscles  of  the  eyeballs  are  continually  in  a  strained  position,  generally  in  an 
upward  or  oblique  direction.  As  a  result  of  this  eyestrain  the  elevator  muscles  suffer 
from  strain  and  cramp.  Similar  effects  are  foimd  in  other  muscles,  producing  wry 
neck,  twitching  eyelids,  and  tremors  of  the  head.  Holers  as  a  class  are  undoubtedly 
more  predisposed  to  nystagmus  from  the  nature  of  their  constrained  work;  hewers 
and  the  loaders  who  are  working  at  the  face  come  next  in  the  liability  to  the  onset  of 
the  disease. 

TYPICAI.  CASES. 

The  symptoms  and  personal  history  of  the  disease  have  been 
quoted  in  full  on  accoimt  of  their  imusual  practical  value.  Nystag- 
mus imquestionably  is  often  mistaken,  at  least  in  its  initial  stages, 
for  ordinary  eye  afflictions ;  for,  as  observed  by  Butler,*  the  average 
ophthalmic  textbook  devotes  only  a  few  lines  to  the  affection,  and 
much  of  the  information  is  dogmatic  and  inaccurate.  It  has  there- 
fore seemed  proper  to  add  the  following  description  of  a  typical  case, 
presented  by  Butler  ^  at  a  meeting  of  the  Coventry  division  of  the 
British  Medical  Association  in  1910. 

T.  R.,  aged  45,  was  a  miner  in  the  Newdigate  colliery,  a  lamp  mine;  had  been  a 
miner  all  his  life. 
About  six  months  ago  he  began  to  notice  that  the  lamps  were  dancing  up  and  down. 

He  had  to  sit  down  and  * '  steady ' '  his  eyes.    Three  months  ago ,  when  he  was  examining 

^ — * -^— — .^— — ^-^^^___^-___^-______^_^.« 

a  Shufflebotham,  Frank,  Miners'  nystagmus:  Brit.  Med.  Jour.,  Mar.  21, 1914,  pp.  34»-849. 
b  Butler,  T.  H.,  MJners'  nystagmus:  Brit.  Med.  Jonr.,  Mar.  6, 1910,  p.  558. 
e  Butler,  T.  H.,  Op.  oit.,  pp.  55»^559. 
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the  roof,  a  piece  of  coal  fell  upon  hia  noee  and  cut  his  face.  Had  he  not  had  violent  nys- 
tagmuB  he  would  have  seen  that  a  laige  fragment  was  loose  and  would  have  avoided 
it.  After  the  accident  the  nystagmus  got  much  worse.  He  sees  very  badly  at  night, 
not  only  because  everything  is  in  motion,  but  because  there  is  a  ''sort  of  mist  before 
his  eyes."  He  sees  a  little  better  if  he  looks  down,  but  not  so  well  as  his  mates  do. 
In  fact,  he  has  slight  hemeralopia. 

Condition  when  first  seen:  Violent  nystagmus  and  twitching  of  Uds.  Viflion=6/60. 
Advised  to  give  up  his  work  undeiground  entirely  and  permanently. 
'  Condition  a  month  later:  The  eyes  were  normally  at  rest,  but  if  he  looked  at  an 
object  fixedly  for  a  few  seconds  his  eyelids  b^gan  to  blink  and  twitch  violently  and 
he  looked  away  as  though  shielding  his  eyes  from  a  dazzling  electric  arc.  As  soon  aa  he 
looked  upward  violent  twitching  and  vertical  nystagmus  commenced. 

-3.6 
R.  V.«6/60c =6/9. 

—2,  axis  horizontal 

-3 
L.  V.«6/60c =6/9 

—1,  axis  horizontal 

The  fundus  was  normal,  but  could  be  seen  only  with  great  difficulty  on  account 
of  the  twitching  of  the  lids.    He  was  unable  to  read  even  when  he  looked  down. 

The  patient  subsequently  improved  considerably,  but  he  can  not  do  any  work, 
for  as  soon  as  he  looks  fixedly  at  an  object  the  oscillations  commence. 

OCCTJPATIONAIi  PBBDISPOSmok. 

Butler  ^  properly  observes  that  this  is  a  most  instructive  case. 
In  the  first  place,  he  points  out,  it  shows  the  classical  symptoms, 
which  have  been  ameliorated  but  not  cured  by  rest.  Befor&  the  com- 
pensation act  this  miner  would  have  been  dischai^ed  and  left  to  take 
chaise  of  himself  as  best  he  could ;  imder  the  act  of  1906,  however,  the 
coal-mining  corporation  was  responsible  for  the  disease  and  had  to  pro- 
videf  or  his  needs.  In  this  case  also  nystagmus  conduced  to  an  accident 
and  the  accident  aggravated  the  disease.  As  regards  the  etiology 
of  nystagmus,  or  the  causative  factors  responsible  for  the  occurrence 
of  this  affliction,  Butler  ^  states  that — 

The  textbooks  say  that  it  is  strictly  comparable  to  scrivener's  palsy,  due  to  cramp 
of  the  elevator  muscles  of  the  eye.  This  is  the  theory  enunciated  by  Snell,  by  Nieden , 
and  by  Dransart;  it  was  for  long  accepted  without  criticism  or  challenge,  and  has 
been  copied  from  book  to  book,  rather  as  a  proved  fact  than  a  hypothesis.  To  be 
brief,  the  view  that  the  miner  is  always  straining  his  eyes  upward,  producing  muscle 
fatigue,  which  results  in  nystagmus,  does  not  account  for  the  facts.  First,  the  miner 
does  not  strain  his  eyes  upward;  like  other  sensible  mortals,  he  makes  himself  com- 
fortable and  moves  his  head,  not  his  eyes;  secondly,  there  is  no  proof  that  any  muscle 
fatigue  exists,  and  conclusive  proof  that  it  does  not;  and,  finally,  if  muscle  fatigue 
did  exist,  it  would  produce  a  tetanic  and  not  a  clonic  spasm.  Nystagmus  is  essentially 
a  disease  of  the  collier;  it  is  not  found  in  metal  mines,  where  men  work  under 
similar  conditions  to  those  obtaining  in  coal  mines,  but  with  one  great  difference — 
the  metal  mine  is  not  bounded  by  glittering  black  walls. 

a  Butler,  T.  H.,  Mtnflrs'  nystagmus:  Brit.  Med.  Jour.,  Mar.  6, 1910,  p.  5S0. 
b  Butler,  T.  H.,  loo.  dt. 
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SAFETY  LAMPS  AS  A  CAITSB  OF  NYSTAaXITS. 

In  this  connection  Butler^  makes  the  interesting  observation 
that  the  disease  was  first  described  at  the  time  when  the  Davy  lamp 
was  introduced,  and  that  as  soon  as  the  use  of  safety  lamps  was 
enforced  by  law  it  became  frequent.  In  his  own  words,  as  soon  as 
the  illumination  of  the  miner's  candle,  which  gives  0.5  candlepower, 
was  replaced  by  that  of  the  Davy  lamp,  with  its  feeble  glimmer  of 
0.28  candlepower,  cases  of  nystagmus  became  increasingly  frequent. 
The  miner's  lamp  has  been  improved  now  and  the  disease  is  much 
less  common  than  it  was.  The  ordinary  lamp  used  in  England  in 
1910  when  clean  has  a  candlepower  of  0.44,  but  as  it  gets  covered 
with  dust  and  the  wick  chars  its  light  falls  off  rapidly.** 

The  method  of  amelioration  is,  therefore,  suggested  by  this  remark, 
in  that  it  should  not  be  difficult  to  insist,  if  necessary  by  law,  upon  the 
keeping  of  the  safety  lamps  not  only  locked  but  also  clean,  so  as  to 
provide  the  best  possible  illumination. 

MINE  DABKNESS  AS  A  CAXTSE. 

In  concluding  his  interesting  and  valuable  contribution  to  the 
subject  of  nystagmus,  Butler  <*  refers  to  the  claim  that  darkness  is 
primarily  a  cause  of  nystagmus.  This,  he  insists,  can  not  be  so,  as 
employees  in  photographic  studios,  who  work  for  hours  in  absolute 
darkness,  do  not  contract  nystagmus,  nor  do  boiler  makers  and 
other  artisans  who  work  by  feeble  light.  He  therefore  holds  that 
the  only  theory  that  can  explain  the  disease  is  that  suggested  by 
Reid,  of  Nottingham,  and  Nuel,  of  Belgium,  that  it  is  a  disordered 
cerebration,  or,  in  other  words,  a  defect  in  the  brain  and  not  of  the 
eye  muscles.  It  is  produced,  according  to  this  view,  by  the  peculiar 
work  of  the  miner,  the  long-continued  rhythmic  movements  of  the 
pick  in  comparative  darkness.  Finally,  tiie  argument  is  advanced 
that  the  attempt  on  the  part  of  Snell  to  show  that  compositors 
and  other  workmen  occasionally  acquire  occupational  nystagmus 
will  not  stand  the  test  of  a  critical  examination,  which  would  lead 
to  the  conclusion  that  these  men  did  not  suffer  from  true  miners' 
nystagmus,  but  that  the  disease  always  was,  and  still  continues  to 
be,  the  special  disease  of  the  colliery. 

BBBOBS  OF  BEFBACTION  AS  A  CAXTSE. 

This  address  led  to  considerable  correspondence,  which  brought 
out  some  additional  phases  not  fully  discussed  by  Butler  and  some 
controversial  views  of  considerable  practical  importance.    A  letter 

a  Butler,  T.  H.,  Miners'  nystagmus:  Brit.  Med.  Jour.,  Mar.  5, 1910,  p.  550. 
95027**— Bull.  93—16 4 


26  miners'  nystagmus. 

by  Carruthers, '  assistant  medical  officer  of  health  of  the  county  of 
Derby,  follows: 

Sir:  I  notice  that,  when  diBciiBfring  the  etiology  of  mlnera'  nystagmiu  (Mar.  5,  p. 
56B)f  Dr.  Harrison  Butler  did  not  suggest  an  error  of  refraction  as  a  possible  predispos- 
ing cause,  although  the  case  which  he  describes  shows  this.  I  mention  this  because  I 
know  that  as  a  body  minera  systematically  neglect  their  eyesight,  this  fACt  haying  been 
forcibly  bfxraght  home  to  me  during  the  last  few  months  whilst  examining  school  chil- 
dren in  a  mining  district,  the  parmts  simply  sta&ng  that  if  their  child  had  to  wear 
glasses  he  would  not  be  allowed  in  the  pit.  I  understand  that  at  present  no  exami- 
nation of  the  eyes  is  required  by  the  owner  before  a  man  is  employed  as  a  coUier;  and 
surely,  if  evidence  could  be  produced  to  show  that  a  definite  relationship  exists  be- 
tween eiTors  of  refraction  and  miners'  nystagmus,  the  owners  for  their  own  protection 
would  soon  insist  on  such  an  examination. 

Dr.  HaiTison  Butier  states  that  there  is  no  muscle  fatigue  (of  the  eye)  when  the  man 
is  at  work;  but  during  such  heavy  work,  when  practically  all  the  man's  muscles  are  in 
use,  how  can  those  of  the  eye  escape  the  general  fatigue  of  the  body?  If,  in  addition, 
a  serious  error  of  refraction  exists,  which  of  itself  would  lead  to  statin,  this  would  be 
especially  noticeable  at  the  end  of  the  day's  work,  the  time  when  the  nystagmus  first 
appears;  and  I  suggest  that  the  nystagmus  is  akin  to  the  physiological  tremor  of  the 
hands  which  many  people  have  after  great  physical  exertion,  but  that,  of  couree,  it 
quickly  becomes  pathological  as  the  conditions  develop. 

It  may  be  asked  why,  if  these  arguments  are  correct,  miners'  nystagmus  does  not 
occur  as  soon  as  the  man  becomes  a  collier?  But  then  his  tisanes  are  young,  and  can 
overcome  the  strain  unposed  upon  them,  and  it  is  as  he  gets  older  and  is  still  subjected 
to  the  same  conditions  of  very  heavy  work  in  a  poor  light  and  in  a  bad  position  that  the 
strain  is  felt  and  nystagmus  shows  itself. 

Ashforth  ^  later  contributed  a  brief  statement  which  is  also  given 
in  full: 

Sir  :  The  only  excuse  I  can  offer  for  entering  on  this  subject  is  that  I  live  in  a  colliery 
district.  Whetiier  the  ^t  that  Dr.  Harrison  Butier  did  not  mention  errors  of  refraction 
as  a  cause  directly  was  simply  an  error  of  omission,  or  whether  he  considered  it  a  con- 
tributing cause,  but  thought  it  unnecessary  to  state,  I  think,  matters  very  little.  As 
in  other  discussions,  one  is  very  apt  to  believe  greatiy  in  himself  and  his  own  limited 
experience,  for  limited  it  is. 

Dr.  Carruthers,  so  far  as  I  can  judge,  has  simply  concluded  that  miners  neglect  their 
eyesight  because  a  few  parents  have  said  something  about  their  children  and  the  pit. 
Now  that  would  lead  one  to  think  nystagmus  was  a  modem  disease  or  ailment;  but  I 
am  certain  Dr.  Carruthers  wUl  agree  it  is  not.  As  it  is,  some  people  avoid  glaases 
because  of  the  compensation  act.  Again,  this  act  is  new  (comparatively),  and  can 
not  account  for  nystagmus  before  the  act,  because  miners  would  have  no  fear  about 
wearing  glasses  or  having  their  eyes  examined.  I  agree  with  Dr.  Harrison  Butier  that 
there  is  no  muscle  fatigue  of  the  eye,  and  disagree  with  Dr.  Carruthers  when  he  suggests 
that  all  the  man's  muscles  are  in  use.  I  agree  that  a  serious  error  of  refraction  may 
contribute,  but  I  do  not  believe  it  to  be  the  cause;  personal  experience  in  colliery 
districts  has  not  taught  me  so.  It  is  not  safe  to  compare  or  draw  an  analogy  between 
nystagmus  and  a  physiological  tremor  of  the  hands. 

As  to  the  tissues  being  young  and  able  to  resist,  I  may  state  that  all  the  cases  I  have 
seen  have  been  men  under  40;  some  I  have  seen  over  50,  but  they  are  not  so  numerous. 

In  conclusion,  might  I  suggest  that  the  cause  might  as  easily  be  found  in  the  retina 
as  anywhere  else? 
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In  reply  to  these  two  letters,  Butler  ^  made  answer  as  follows: 

Snt:  I  unfortunately  did  not  notice  Dr.  Gamithers's  letter  in  the  Journal  of  March  12 
at  the  time.  It  would  appear  likely  that  an  error  of  refraction  would  be  a  predisposing 
cause,  whether  one  regarded  the  disease  as  a  fatigue  cramp  or  as  a  loss  of  coordination 
due  to  partial  loss  of  fixation.  But  supposition  and  theory  must  bow  to  fact,  and  the 
fact  is  that  errors  of  refractbn  are  found  among  nystagmic  miners  in  exactly  the  same 
proportion  as  among  the  rest  of  the  population.  Some  of  the  worst  cases  I  have  seen 
have  been  emmetropic,  and  have  shown  no  error  of  muscle  balance,  so  we  can  only 
conclude  that  erron  of  refraction  have  nothing  to  do  with  the  matter.  This  is  not  the 
place  to  discuss  with  Dr.  Gamithers  the  etiology  of  the  disease.  He  will  find  the  whole 
question  argued  out  in  my  paper  on  the  subject  in  The  Ophthalmoscope,  to  which  I 
alluded  in  my  article  published  on  March  5.  At  the  end  of  this  paper  there  is  a  full 
bibliography  dealing  with  the  subject.  I  would  recommend  him  to  read  Dr.  Reid's 
paper  in  Brain,  and  then  to  examine  a  long  series  of  cases  for  evidence  of  muscle 
sbain.  The  case  publi^ed  in  the  Journal  of  April  16  is  almost  positive  proof  tiiat 
cramp  of  the  elevators  has  nothing  to  do  with  the  production  of  the  disease.  In  this 
highly  interesting  case  nystagmus  appeared  only  when  the  miner  looked  down. 

These  letters  bring  out  the  imperfect  status  of  the  whole  question 
as  regards  the  essential  points  of  material  importance,  not  only  to  the 
physician  and  the  miner;  but  also  to  the  mine  manager  and  the  courts 
called  upon  to  pass  judgment  in  the  arbitration  of  cases  of  workmen's 
compensation. 

FATIOUX  OF  VISIDK  AS  ▲  CAXTSB. 

The  British  Medical  Journal  also  reports  an  animated  discussion 
regarding  nystagmus,  between  Romifie  and  Thiebert,  both  of  li^ge, 
and  Moret,  of  Charleroi,  Belgium.^  The  two  former  concluded  that 
miners'  nystagmus  was  due  to  insufficient  lighting,  was  benign  in 
nature,  and  rarely  interfered  with  ability  to  work.  They  strongly 
objected  to  the  theory  that  nystagmus  involved  an  increased  liability 
to  accident.  Moret  discussed  the  causation,  concluding  that  the  in- 
fection was  a  neurosis  produced  by  ocular  fatigue  due  to  darkness, 
combined  with  fatigue  of  the  muscles,  notably  the  elevators,  from  the 
strain  of  looking  in  an  abnormal  direction.  A  number  of  French  rep- 
resentatives insisted  on  the  risk  of  accident  from  this  condition,  and 
Shufflebotham^  pointed  out  that  nothing  had  been  said  respecting 
the  subjective  and  objective  sjrmptoms  that  occurred  apart  from  the 
ocular  symptoms. 

The  foregoing  discussion  aroused  considerable  interest  and  re- 
sulted in  several  important  papers  by  qualified  authorities  familiar 
with  the  actual  facts  of  the  existing  situation  in  the  United  Kingdom. 
Elworthy,**  inspector  of  injured  workmen  to  the  Ebbw  Vale  Co.,  read 
a  paper  on  miners'  nystagmus  before  the  Monmouthshire  Division  of 
the  British  Medical  Association.    After  first  pointing  out  that  miners' 
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nystagmus  is  a  disease  peculiar  to  coal  miners,  and  that  on  the  basis 
of  personal  inquiries,  no  cases  had  been  foimd  to  occur  in  the  Cornish 
tin  mines  nor  in  the  lead  mines  of  the  Isle  of  Man,  Elworthy  replies 
to  the  question  as  to  why  it  is  that  nystagmus  occurs  only  in  coal 
mines,  to  the  effect  that  it  is  the  entire  absence  of  color  that  makes  all 
the  difference  in  the  underlying  conditions  responsible  for  its  fre- 
quency among  colliers.     He  **  remarks  that — 

I  take  it  that  the  cause  is  fatigue  of  the  eye,  resulting  from  workiiig  by  artificial  light 
with  a  black  background  and  nearly  black  surroundings.  There  is  the  blackish ' '  rub- 
bish'^  or  "slack  "  above  and  below  the  coal,  and  the  jet  black  coal  with  some  sparkling 
facets  which  reflect  the  light.  The  monotony  is  not  relieved  by  other  colors.  The 
miner  may  come  to  work  with  clean  face  and  clothes,  but  in  a  few  hours  aU  is  more  or 
less  black  from  the  dust.  Then  he  has  to  fix  with  his  eye  the  jwint  at  which  to  strike 
with  his  mandril  or  to  lift  out  lumps  of  coal  against  a  black  background.  When  he 
turns  his  eyes  away  from  the  coal  there  is  no  color  relief.  To  make  matters  worse,  the 
majority  of  miners  prefer  to  work  in  the  day.  The  consequence  is  that  for  the  greater 
part  of  the  year  it  is  dark  when  they  get  up  and  go  to  work;  they  work  in  the  dark,  and 
in  winter  it  is  dark  soon  after  they  come  out.  They  therefore  get  the  minimum  of  day- 
light, and  the  opportimity  of  seeing  a  variety  of  colors  by  daylight,  which  means 
physiological  relief  to  the  eye. 

This  is  rather  a  novel  point,  not  emphasized  by  the  earlier  author- 
ities; but  as  another  cause  of  fatigue  to  the  eyes,  he  points  out  that 
when  the  miners  have  to  walk  a  mile  or  more  underground  to  reach 
the  face  where  they  work,  "they  proceed  more  or  less  in  siogle  file, 
each  carryiQg  a  lamp  which  gives  out  hght  in  every  direction,"  with 
the  result  that  "the  miner  walking  behind  another  gets  the  glare  of 
that  lamp  in  his  eyes  aU  the  time.  *  *  *  Then,  after  working  his 
eight  hours  and  his  eyes  beiQg  more  or  less  exhausted,  he  has  to  make 
a  similar  journey  back."  On  inquiry,  Elworthy  found  that  the  men 
feel  the  effects  of  nystagmus  most  when  returning  from  work  with 
the  intense  glare  of  the  lamp  just  in  front  of  them,  and  many  find  it 
necessary  to  sit  down  and  wait  until  the  effect  disappears. 

OBLIQXTE  NYSTAOXITS. 

As  regards  the  theory  that  nystagmus  was  produced  by  working  in 
a  lying-down  position,  Elworthy  was  not  in  a  position  to  give  an 
opinion,  as  in  the  great  majority  of  the  mmes  of  the  Ebbw  Vale 
district  the  coUiers  work  in  an  upright  position.  He  therefore  had 
not  seen  a  single  case  of  obUque  nystagmus.  He,^  however,  points 
out  that  other  underground  workers,  such  as  haulers,  timbermen, 
and  repairers  in  coal  mines  also  acquire  nystagmus,  and  that  the  only 
class  that  seems  immune  is  hostlers,  which  he  attributes  to  the  fact 
that  the  underground  stables,  as  a  rule,  are  whitewashed.  He  there- 
fore concludes  that  the  only  essential  factor  seems  to  be  exhaustion  of 
the  eyes  from  working  in  the  general  blackness  without  any  color  relief. 
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Hie  discussion  by  Elworthy  included  the  pathology,  symptoms, 
and  course  of  the  disease,  the  varieties,  diagnosis,  prognosis,  and  the 
treatment  of  nystagmus  in  the  light  of  practical  experience,  including 
the  results  of  an  analysis  of  100  cases.  All  that  he  has  to  say  is  of 
imusual  practical  interest,  except  that  with  reference  to  pathology  he 
limits  himself  to  the  statement  that  he  is  ignorant  about  the  minute 
changes  in  the  retina,  or  nerve  centers  of  the  orbital  muscles.  He 
says:* 

What  seema  to  me  to  occur  is,  when  a  certain  stage  of  exhaiution  is  anived  at,  coor- 
dination IB  lofit  and  spasm  sets  in;  very  much  the  same  as  in  writer's  cramp  or  other 
trade  neuroses.  Lastly,  accommodation  fails.  The  spasms  are  clonic,  and  may  be 
r^^ar  or  irregular,  and  confined  to  two  opposing  muscles  or  affecting  more.  In  some 
cases  the  whole  head  is  in  a  state  of  tremor.  In  the  early  or '' latent "  stage,  although 
there  are  movements  of  the  eyes,  there  is  sufficient  power  of  accommodation  to  prevent 
confusion  of  vision,  but  sooner  or  later  this  accommodation  fails. 

SYHPTOHS  AND  COtTBSB  OF  THE  DISEASE. 

As  regards  the  symptoms  and  course  of  the  disease,  Elworthy^ 
states  that: 

Nystagmus  seldom  manifests  itself  until  the  miner  has  been  Working  for  some  years. 
In  the  case  of  boys  getting  it  there  may  be  some  refractive  error  or  hereditary  element. 
One  boy  I  examined,  aged  15,  who  got  nystagmus  after  working  three  years,  was  the 
son  of  a  collier  who  admitted  having  had  tiouble  with  his  eyes,  but  had  not  been  on 
compensation  for  it. 

The  first  stage  of  the  disease  may  be  called  latent  nystagmus.  The  patient  may  be 
perfectly  unconscious  that  he  has  an3rthing  wrong  with  the  eyes,  although  nystagmic 
movements  may  be  quite  obvious  and  definite.  One  case  I  examined  for  an  injured 
back,  and  who  then  had  nystagmus,  worked  ten  months  before  being  certified  for  it; 
another  who  also  injured  his  back  over  two  years  ago  has  not  yet  been  certified ;  so  that 
as  long  as  the  disease  remains  in  the  latent  stage,  unperceived  by  the  patient,  it  does 
not  seem  to  interfere  with  his  work.  I  do  not  know  how  long  this  may  continue,  or 
whether  the  movements  axe  continual  or  only  periodic. 

There  is  in  many  cases  a  general  and  increasing  nervous  irritability,  and  then  a  blow 
or  sudden  fright  is  sufficient  to  breaJ^  down  the  coordination  of  the  ocular  muscles,  and 
the  power  of  acconunodation  to  see  with  moving  eyes  is  lost.  The  man  then  discovers 
that  he  has  nystagmus. 

When  the  disease  comes  on  naturally  the  first  symptoms  may  be  various.  In  some 
it  is  the  lamps  that  seem  to  move  or  become  blurred,  or  he  becomes  dazzled  by  them; 
in  others  headache  or  pain  in  the  eyes,  or  else  everything  becomes  misty  and  he  is  lost 
in  a  fog. 

When  movements  are  well  developed  everything  seems  moving  about,  and  he 
becomes  giddy  and  staggers.  Bending  down  or  sudden  movements  increase  the 
trouble;  so  does  fright.  A  man  may  be  able  to  walk  about  the  street  well  enough,  but 
if  a  dog  barks  or  if  some  one  shouts  at  him  he  is  immediately  lost  in  a  fog  and  staggers 
about  quite  unable  to  see  what  is  coming  or  where  he  is  going.  Hence  the  danger  of 
such  men  working  in  mines. 

The  most  constant  symptonus  are  headache,  giddiness,  and  movements.  My  records 
are  far  from  complete,  and  I  find  only  43  per  cent  with  these  three  symptoms  noted; 
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but  my  imprefloion  is  that  fully  60  to  70  per  cent  have  them  all.  GJddmeai  and  Btove- 
mentB,  but  without  headache,  alao  occur,  and  I  find  7  caees  with  ihe  definite  recoid 
of  no  headache  and  6  in  which  headache  in  not  mentioned.  Of  these  13  cases,  8  were 
rotatory,  4  lateral,  and  1  mixed. 

Intolerance  of  light  and  continual  headache  are  frequent,  and  in  severe  cases  the 
man  can  ait  aibout  only  with  his  eyes  shaded  and  his  back  to  the  light.  In  such  cases 
there  may  be  an  error  of  redaction  as  w^. 

One  vaciety  often  passes  into  another,  a  rotatory  to  a  lateral,  or  vertical  to  a  rotatory 
with  nictitation.  Nictitation  often  comes  on  late,  and  may  be  the  last  objective 
symptom  visible,  but  in  some  cases  it  is  present  early,  with  very  indefinite  movements 
of  the  eye. 

The  two  eyes  may  be  equally  affected,  or  have  different  movements,  one  lateral  the 
other  vertical  or  rotatory,  but  I  have  never  seen  two  eyes  rotating  in  opposite  direc- 
tions. 

The  greatest  discomfort  and  pain  in  the  head  is  caused  by  the  very  fine  and  quick 
movements,  and  the  least  by  the  slower  rotatory.  An  error  of  refraction  may  cause 
persistent  headache,  and  delay  recovery  unless  corrected  by  proper  glasses,  which, 
however,  can  not  be  worn  in  the  pit. 

In  this  connection  the  following  observations  by  Shufflebotham  « 
regarding  the  symptomatology  of  miners'  nystagmus  are  of  interest: 

In  miners'  nystagmus  we  are  dealing  not  with  a  disease  localized  to  the  eyes,  but 
with  a  general  disease  one  symptom  of  which  is  oscillation  of  the  eyeballs.  I  believe 
that  the  term  ' 'miners'  nystagmus  "  is  unfortunate,  as  it  simply  relates  to  one  symptom 
of  this  complaint,  and  the  symptoms  are  not  confioied  to  oscillation  of  the  eyeballs 
and  effects  resulting  from  this  phenomenon. .  There  may  be,  and  generally  are,  symp- 
toms such  as  headache,  nausea,  attacks  of  giddiness,  muscular  tremors,  twitching  of 
the  muscles  in  different  parts  of  the  body,  especially  the  musdes  of  the  eydids  and 
the  face  and  the  neck ;  neurasthenia  may  be  a  prominent  symptom,  with  its  Msociated 
conditions,  such  as  a  quickened  pulse,  exaggerated  reflexes,  increased  vasmnotor 
irritability,  sleeplessness,  and  nervous  depression.  All  these  symptoms  may  be 
present  in  any  case  of  miners'  nystagmus,  but  in  many  cases  <mly  some  of  them  are 
present,  and  at  given  times  the  prominent  symptom — the  oscillation  of  the  eyeballs — 
may  actually  be  absent,  although  the  patient  is  undoubtedly  suffering  from  this 
disease. 

VABIBTIBS  OF  NYSTAOHUS. 

These  observations  and  conclusions  in  a  general  way  are  confirmed 
by  other  authorities^  but  in  the  work  cited  they  are  set  forth  with 
unusual  clearness  and  therefore  are  quoted  in  fidl.  It  also  seems  ad- 
visable to  cite  in  complete  detail  the  seven  varieties  of  nystagmus  as 
observed  and  defined  by  Elworthy,^  as  follows: 

1.  Lateral, — ^An  alternating  clonic  spasm  of  the  internal  and  external  recti. 

2.  Vertical, — ^An  alternating  clonic  spasm  of  the  superior  and  inferior  recti. 

3.  Rotatory. — ^An  alternating  lateral  and  vertical  nystagmus  in  r^^ular  sequence 
producing  rotation.  In  one  case  with  a  large  and  flaccid  eye  it  was  quite  easy  to  see 
the  tug  of  the  several  rectus  muscles  at  their  insertions  into  the  globe. 

4.  Mixed. — ^An  alternating  lateral  and  vertical  nystagmus  in  irregular  sequence, 
producing  rotation  but  irregular  movements. 

5.  Oblique. — Presumably  a  synchronous  contraction  of  a  superior  with  one  of  the 
lateral  recti  alternating  with  the  inferior  and  the  opposite  rectus.    It  could  also  be 


a Shafflebotham,  Frank,  Miners'  nystagmus:  Brit  Med.  Jour.,  Mar.  21, 1914,  p.  S40. 
h  Elworthy,  H.  S.,  Miners'  nystagmus:  Brit.  Med.  Jour.,  Nov.  19, 1910,  p.  ISIS. 
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pcoduced  by  the  two  oblique  muscles  if  the  deviation  of  the  axis  is  iK>t  corrected  by 
the  recti. 

6.  Axial  roCofion.— Alternating  spasm  of  the  superior  and  inferior  obliques,  with  no 
deviation  of  axis.  I  have  one  cMe,  which  seems  the  Hiost  remarkable  of  the  series. 
Coordination  of  the  recti  had  not  broken  down,  otherwise  there  would  have  been 
oblique  nystagmus.  But  the  only  movement  visible  was  rotatica  on  the  antero- 
posterior axis. 

7.  Nictitation. — Clonic  spasm  of  the  orbicularis  muscle.  Generally  associated  with 
some  other  movement,  but  sometimes  present  alone.  As  it  occurs  with  considerable 
frequency,  I  think  it  should  be  classed  as  a  variety  of  nystagmus. 

With  reference  to  diagnosis,  he  points  out  that  this  is  easy  enough 
in  the  majority  of  cases.  As  emphasizing,  however,  some  of  the 
practical  difficulties  of  exact  diagnosis,  the  following  case  is  quoted 
in  view  of  its  hearing  upon  prohlems  of  workmen's  compensation.' 

I  had  one  case  of  the  indefinite  class,  who  received  compensation  for  a  considerable 
time,  and  who  was  admitted  to  a  hospital  for  some  intracranial  disease  from  which  he 
eventually  died.  No  nystagmus  was  observed  while  he  was  in  hospital,  but  he  had 
optic  neuritis.  This  man  was  certified  on  subjective  B3rmptoms  only.  It  is  all  very 
well  to  certify  cases  on  subjective  symptoms  just  because  a  man  happ^is  to  be  a  col- 
lier, but  it  is  very  difficult  to  disprove  a  claim  for  compensation  if  there  are  these 
indefinite  symptoms,  which  may,  after  all,  have  nothing  to  do  with  miner's  nystagmus. 

ANALYSIS  OF  CASES. 

The  results  of  an  analysis  of  100  cases  are  hriefly  summarised  in 
the  statement  that  the  average  age  at  the  commencement  of  the 
disease  was  35^  years;  the  average  numher  of  years  a  man  had  heen 
working  imdei^round  was  21  i  years;  and  the  average  period  hetween 
the  first  indications  of  nystagmus  and  the  ultimate  and  subsequent 
leaving  of  work  was  8  months.  This  average,  however,  included 
three  cases  with  an  exceptionally  long  duration  of  2  to  8  years, 
and  if  these  are  excluded  the  average  period  was  6i  months.  The 
average  subsequent  period  of  disability  for  all  cases  was  5  months, 
but  as  this  included  latent  and  imcertified  cases,  the  average  is  rather 
an  imderestimate.  A  number  of  men  resumed  work  on  the  surface 
before  complete  recovery.  The  longest  period  of  disabiUty  was  28 
months,  without  recovery.  The  shortest  was  3  weeks.  There 
were  18  latent  cases,  and  of  these,  8  first  noticed  nystagmus  after  a 
blow  on  the  head;  1,  after  a  blow  on  the  head  but  without  becoming 
aware  of  nystagmus  until  16  months  later;  5,  after  blows  on  the  eye  or 
eyebrow;  2,  after  blows  on  the  back;  1,  after  a  blow  on  the  leg;  and 
I,  after  a  sprain  of  his  side.  As  regards  the  varieties  met  with,  the 
cases  were  classified  as  follows:  ^ 

Of  14  cases  in  which  nictitation  was  a  prominent  symptom,  those  with  some  other 
movement,  such  as  vertical  or  lateral,  are  included  in  those  classes,  and  those  with 
no  definite  movement  except  nictitation  in  the  indefinite.  There  were:  Rotatory, 
27  cases;  lateral,  25;  indefinite,  18;  vertical,  12;  mixed,  12;  not  recorded,  5;  axial 
rotation,  1;  oblique,  0;  total,  100. 

a  Elworthy,  H.  8.,  Miners'  nystagmus:  Brit.  lied.  Jour.,  Nov.  19, 1910,  p.  1578. 
b  Elworthy,  H.  8.,  Op.  cit.,  p.  1679. 
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Coming  to  the  important  question  of  prognosis,  Elworthy^  remarks 
that  although  his  experience  had  been  rather  limited  he  found  that 
the  men  who  remained  at  work  for  months  strugglmg  against  the 
disease,  until  finally  obliged  by  necessity  to  give  up  their  employment, 
required  the  longest  time  to  recover,  especially  if  advanced  in  years. 
Given  a  young  man  who  has  been  underground  for*  say,  10  to  15  years, 
and  who  appUes  early  for  treatment,  say,  within  2  or  3  weeks  after 
the  first  indications,  the  prognosis  is  distinctly  favorable,  but  even 
then  2  to  4  months  will  be  required  in  summer,  and  a  longer  period 
in  winter.  According  to  the  experience  had,  it  was  foxmd  that  the 
sooner  a  man  with  nystagmus  leaves  off  work  the  better  is  the 
prognosis,  but  in  the  early  stages  the  diagnosis  is  more  difficult,  as 
there  may  be  no  definite  objective  symptom  visible. 

DtTBATION  OF  DISEASE. 

As  regards  the  relation  of  the  duration  of  the  disease  to  the  variety 
of  nj^tagmus,  it  is  stated  that  one  case  of  axial  rotation  recovered 
in  6  weeks;  18  indefinite  cases  recovered  in  an  average  of  3  months; 
27  rotatory  cases  recovered  in  4^  months;  14  cases  associated  with 
nictitation,  in  5  months;  25  lateral  cases,  in  5^  months;  11  vertical 
cases,  in  6  months;  and  1^  mixed  cases  in  8  months.  The  observa- 
tions had  not  extended  over  a  sufficient  length  of  time  to  prove 
whether  any  cases  were  incurable.  It  was  also  ascertained  that 
twice  as  many  cases  recovered  in  the  6  months  from  April  to  Sep- 
tember as  did  during  the  months  from  October  to  March.  This 
variation  is  attributed  to  the  fact  that  in  sununer  there  is  more  day- 
light, and  more  color  about  the  country. 

On  the  question  of  relapses,  it  is  said  that — 

One  would  expect  that  as  coal  mining  produces  the  disease,  so  resuming  work  under- 
ground would  produce  relapses.  How  many  of  these  cases  will  relapse,  at  how  long 
it  will  take,  I  do  not  know.  I  have  not  had  time  to  see  yet.  For  the  7  cases  of 
relapse  included  in  the  100  the  average  time  from  resuming  work  to  the  relapse  was 
12  months.  Two  more  have  been  observed  with  recurrence,  but  have  not  ceased 
work.  One  of  these  is  now  2  years  after  resuming.  The  variety  of  nystagmus  in  a 
relapse  is  not  always  the  same  as  in  the  first  attack.^ 

SUBJECTIVE  TBBATMENT. 

The  importance  of  subjective  treatment  is  jfirst  considered  imder 
preventive  measures;  and,  second,  from  the  strictly  medical  aspect. 
On  the  assumption  that  the  direct  cause  of  nystagmus  is  a  complete 
absence  of  color  in  coal  mines,  the  argument  is  advanced  that^ — 

The  importance  of  daylight  seems  to  have  been  overlooked  both  by  the  miner  and 
the  employer.  I  take  the  view  that,  as  far  as  nystagmus  is  concerned,  working  under- 
ground in  daytime  is  a  mistake,  as  the  miner  in  doing  so  loses  his  opportunity  of 

o  Elworthy,  H.  8.,  MJnera'  nystagmus:  Brit.  Hod.  Jour.,  Nov.  19, 1910,  p.  1579. 
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lefreshing  the  eye  by  looking  ftt  colon  in  daylight,  and  so,  in  a  mfiftfure,  oompensating 
himself  for  working  by  artificial  light  without  color  relief. 
To  ^t  this  reUef,  the  hours  of  work  might  be  altered  somewhat  as  foUows: 

Start  work  at  the  pit  head 4  a.  m. 

Gome  out Ifi  midday. 

Allow  an  hour  to  get  home  at 1  p,  m. 

Recreation  and  see  the  world  tifl 6.30. 

Bed 6.30  to  2.30  a.  in. 

Breakfast  and  get  to  pit  head  by 4  a,  m. 

He  would  thuf  get  some  four  or  five  hours  of  daylight  all  the  ye^  SQun^,  which  is 
of  far  more  value  to  the  eye  than  artificial  light. 

METHODS   OP  IMPBOVING   lU^UMINATION.  . 

It  is  further  suggested  that  to  prevent  unnecessary  fatigue  to  the 
eyes  removable  shades  should  be  provided  for  the  Ifwp^,  so  that 
the  light  will  be  given  out  in  the  front  only.  Such  lamps  should  be 
used  in  going  in  And  out  of  the  mines.  When  at  the  face,  it  is  sug- 
gested the  shades  could  be  taken  off,  so  that  the  light  would  not  be 
interfered  with.  Finally,  the  suggestion  is  made  that  some  sort  of 
color  scheme  shoidd  be  introduced  into  coal  mines  so  as  to  bring  about 
conditions  as  good  at  least  as  in  lead  mines.  In  bri^f ,  according  to 
Elworthy,'  as  the  essential  cause  of  nystagmus  is  absence  of  color, 
the  one  rational  preventive  measure  is  the  substitution  by  artifice 
of  sufficient  color  to  compensate  for  the  deficiency.  It  is  therefore 
proposed  that  the  roof,  the  leeward  sides  of  the  posts  and  collars, 
and  the  cogs  and  sides  of  the  alleyways  be  colored  with  some  light 
but  inexpensive  wash,  whitewash,  or,  preferably,  green  or  other 
Taried  colors.  It  is  realized  that  this  would  have  to  be  done  daily 
on  accoimt  of  the  dust  in  the  mine,  and  although  this  would  be  expen- 
sive,  it  ia  pointed  out  that  compensation  for  nystagmus  cases  is  itself 
a  serious  element  of  management  expenses.  The  argun^ent  is  ad- 
vanced that — 

If  a  quarter  of  the  aum  loet  through  nystagmus  were  spent  in  ppntinually  coloring 
the  mine,  and  was  enough  to  bring  its  color  reUef  up  to  the  level  of  a  lead  mine,  I  do 
not  see  why  nystagmus  should  not  be  abolished,  and  the  other  three-quarters  of  the 
lose  wiped  out> 

MEDICAL  AND   MECHANIOAL  TREATMENT. 

The  recommendations  regarding  medical  treatment  are  briefly 
set  forth  as  follows: 

The  int  thing  to  do  is  to  remove  the  cause,  that  is,  stop  work  underground.  Let 
Ihfl  patinfit  rest,  and  in  subdued  li^t  if  he  has  photophobia. 

Wfi  have  to  deal  with  a  state  of  exhaustion  and  increased  nervoua  ixritahUity. 
Therefore,  at  first  paedical  treatment  shquld  ^e  Native— su^li  m  tbfl  bxomidw  gr 
hyoecyamus. 

a  Elworthy,  H.  8.,  HJnen'  Dyst^pBus:  Biit  Ifttd,  Ja^t,,  |}qv.  19|,  18)6^  p.  im- 
»  91wqrtt»7,  H.  fl.«  Qp.  oit.,  p.  1580. 
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Later  these  should  be  replaced  by  stunulant  tonics  and  brighter  li^t  as  he  can  toler- 
ate it.  To  commence  with  stimulantB  seems  to  me  like  whipping  up  a  tired  home 
instead  of  resting  it. 

Meehanioal. — ^Eye  shades,  blue  or  smoked  goggles,  give  a  good  deal  of  relief  in 
some  cases,  especially  in  sunlight  and  snow,  but  fail  in  others.  I  should  like  to  see 
other  colored  goggles  tried,  particularly  green.  One  man  recently  told  me  that  when 
his  eyes  are  very  painful  he  gets  relief  only  on  going  into  a  green  wood  or  field. 

Proper  glasses  should  be  prescribed  to  correct  errors  of  refraction. 

Electrical. — I  have  not  bq&o.  any  cases  that  I  am  aware  of  being  treated  by  electricity. 
In  chronic  intractable  cases  there  seems  a  fair  field  for  experiment  with  various  forms 
of  electrical  treatment. 

Special  departments  in  hospitals. — ^Whether  it  would  be  profitable  to  provide  green 
or  other  colored  rooms  and  take  in  cases  as  patients  and  apply  other  special  forms  of 
treatment  is  uncertain.  Very  likely  some  way  of  cutting  the  disease  short  could  be 
discovered,  but,  personally,  I  think  better  value  for  the  money  would  be  gained  by  the 
preventive  measures  I  have  indicated  .<» 

NY8TAOXITS  AS  AK  BCONOiaC  PBOBI<E3L 

This  extended  account  of  nystagmus  as  a  practical  question  of  mine 
management  seems  to  leave  little  room  for  further  discussion.  The 
importance  of  any  occupational  disease,  however,  is  not  to  be  measured 
by  its  numerical  frequency  but  by  its  economic  effect  on  the  working 
capacity  of  the  employee.  In  proportion  as  the  disease  incapacitates 
for  work,  the  essential  and  economic  consequences  to  the  workmen 
and  to  the  State  are  a  matter  of  most  serious  concern.  As  under 
modem  workmen's  compensation  the  period  of  incapacity  involves  a 
considerable  money  payment  to  the  employee,  the  question  is  also 
one  of  serioiis  importance  to  mine  managers.  It  is  largely  because 
of  workmen's  compensation  law  that  the  disease  has  attracted  so 
much  attention  in  the  United  Kingdom  within  recent  years.  Even 
in  so  complete  a  treatise  as  the  Elements  of  Mining  and  Quarrying, 
by  Foster,^  nystagmus  is  disposed  of  in  less  than  eight  lines.  As  yet 
most  of  the  medical  observations  must  be  considered  preliminary  to  a 
thorough,  strictly  scientific  study  of  the  subject.  Every  new  con- 
tribution by  a  qualified  medical  authority  adds  materially  to  the 
existing  knowledge  of  a  question  that  is  bound  to  assiune  importance 
in  the  future,  not  only  as  regards  its  economic  aspects  but  even  more 
more  so  from  the  humanitarian  point  of  view.  Observations  and 
conclusions  based  on  actual  cases  are,  of  course,  of  greater  practical 
value  than  conclusions  resting  chiefiy  on  theoretical  considerations. 
Browne  and  Mackenzie^  have  published  a  review  of  100  cases  of 
miners'  nystagmus,. with  observations  on  the  etiology  and  treatment 
of  the  disease.  The  conclusions  of  these  authors  ere  briefly  referred 
to  in  a  reference  to  nystagmus  in  the  treatise  on  occupational  diseases 

a  Elworthy,  TI.  8.,  Miners'  nystagmus:  Brit.  Mrd.  Jour.,  Nov.  19, 1910,  p.  1579. 
h  Foster,  C.Le  N.,  The  elements  of  mining  and  quarrying,  1903, 821  pp. 

e  Browne,  F.  J.,  and  Mackenzie,  J.  R.,  The  etiology  and  treatment  of  minen'  nystagmus:  Brit.  Med. 
7our.,  Oct.  5, 1912,  pp.  837-840. 
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by  Thompson.*  The  conclusions  formed  by  Browne  and  Mackenzie;^ 
on  the  basis  of  100  consecutive  cases  treated  by  them  jointly,  are 
summarized  in  the  statement  that  the  factors  contributing  to  the 
production  of  nystagmus  are:  First,  inadequate  light;  second,  errors 
of  refraction;  third,  straining  of  ocular  muscles;  and,  fourth,  neurotic 
temperament.    The  conclusions,  in  detail,  are  as  follows: 

1.  Inadequate  light. — ^That  this  is  an  important  cause  of  miners'  nystagmus  is  con- 
clusively proved  by  the  fact  that  99  per  cent  of  our  cases  had  been  using  the  lock  lamp 
for  a  number  of  years.  Only  one  case  was  found  where  the  naked  light  was  allowed, 
and  here  the  nystagmus  was  accounted  for  by  hypermetropia,  much  straining  of  the 
ocular  muscles  in  narrow  seams,  and  a  markedly  neurotic  temperament  with  much 
physical  debility. 

The  lock  lamp  must  be  9  feet  from  the  farthest  point  of  the  mandril,  and  so  the 
workman  is  staring  into  comparative  darkness,  whereas  the  naked  light  is  attached 
to  the  workman's  cap  or  to  a  post  close  beside.  Therefore,  the  naked  light  gives  a 
much  brighter  and  stronger  light  not  only  because  it  is  exposed  but  also  because  the 
workman  has  its  full  benefit.  We  have  also  had  experience  with  miners  in  various 
parts  of  Scotland,  where  the  naked  light  is  used,  and  in  these  districts  miners'  nystag- 
mus is  practically  unknown. 

2.  DrroTs  of  refraction. — ^An  examination  of  the  summary  of  cases  of  miners'  nystag- 
mus seen  by  us  will  show  that  90  per  cent  had  errors  of  refraction,  excluding  the  three 
cases  in  which  there  was  evidence  of  error,  but  owing  to  marked  photophobia  no  exact 
estimate  could  be  made,  while  7  per  cent  had  normal  refraction.  Of  the  90  per  cent, 
48  per  cent  had  either  myopic,  hypermetropic,  or  mixed  astigmatism;  27  per  cent  had 
simple  hyx>ermetropia;  and  15  per  cent  had  simple  myopia.  It  is  interesting  to  note 
that  a  large  number  of  the  cases  of  hypermetropia  were  those  of  comparatively  young 
men  who  had  worked  only  a  few  years  at  coal  cutting. 

3.  Straining  of  the  extrinsie  muscles  of  the  eyeball. — ^This  is  the  result  of  the  two  fore, 
going  factors.  In  all  our  cases  the  workman  had  his  eyes  fixed  in  a  staring,  strained 
position  for  long  periods,  either  downward  and  laterally,  as  in  narrow  seams,  or 
upward,  as  in  wide  seams;  90  per  cent  of  our  cases  were  engaged  in  cutting  coal,  while 
10  per  cent  were  haulers  and  timbermen,  and  one  a  colliery  examiner. 

4.  Neurotic  temperament. — ^The  inability  on  the  part  of  a  very  large  number  of  men 
with  njrastagmus  to  concentrate  their  physical  or  mental  powers  in  any  particular 
line  of  action  guides  us  to  the  conclusion  that  such  instability  is  probably  much  more 
the  cause  than  the  effect  of  nystagmus.  It  most  certainly  appears  to  be  a  weak 
point  in  the  miner's  armor  and  would  repay  careful  examination  long  before  the 
stage  of  inability  to  work. 

The  severe  headaches  and  aching  eyes  of  which  these  men  complain  are  accoimted 
for  by  errors  of  refraction  and  straining  of  the  eyes;  the  vertigo,  by  incoordination 
of  the  ocular  muscles;  the  conjunctivitis  and  photophobia  by  the  sudden  frequent 
change  from  darkness  into  dazzling  light. 

▲VBBAOX  AOB  OF  PATIENTS  AND  DtTBATION  OF  INCAPACITY. 

An  extremely  interesting  and  useful  table  that  is  appended  to  the 
paper  gives  in  detail  the  age,  occupation,  years  underground, 
d^ree  of  refraction,  oscillation,  and  the  necessary  explanations  for 
100  consecutive  cases.     Most  of  the  men   were  miners    and  the 

a  Thompson,  W.  O.,  The  occapati3nal  diseases;  their caosation, symptoms,  and  prevention,  1914,  p.  570. 
b  Browne,  F.  J.,  and  Mackenzie,  J.  R.,  Op.  cit.,  p.  837. 
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exceptions  are  so  few  that  it  may  safely  be  assumed  tliat  pystagmus 
is  exceedingly  rare  among  other  underground  employees.  The 
average  age  was  34.95  yearSj  the  range  in  years  being  from  a  minimuni 
of  18  to  a  maximum  of  67.  The  average  period  of  imderground  work 
was  19.1  years^  the  range  in  working  time  being  from  a  minimum  of 
2  years  to  a  maximum  of  40  years.  The  osciUations'were  v^rj  slight 
in  2  per  cent  of  the  cases,  slight  in  26  per  centj  marked  in  48  per 
cent,  very  marked  in  2  per  cent,  and  rotatory  or  marked  ntfitory  in 
1 6  per  cent.    The  table  f  oUows : 


3  AND  dueahon  of  iscapacity.     87 


Hi 
1 


i! 
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Other  important  results  disclosed  by  the  table  can  not  be  con- 
veniently summarized  in  a  statistical  form. 

ICBTHODS  OF  PBBVENTION. 

The  authors  «  sum  up  their  conclusions  regarding  prevention  in  the 
statement  that  this  resolves  itself  into  medical  examination  of  all  men 
engaged  to  work  underground,  and  the  periodical  examination  of  all 
undei^oimd  workers  for  (a)  the  presence  of  refraction  erroxs,  (b)  any 
signs  of  incipient  nystagmus,  and  (c)  physical  or  nervous  debility. 
The  authors  emphasize  the  importance  of  adequate  light,  and  they 
were  surprised  to  find  that  even  in  the  most  up-to-date  collieries 
there  was,  as  yet,  no  indication  of  electric  light  being  used  through- 
out the  workings.  They  were  of  the  opinion  that  if  such  precautions 
were  taken,  and  electric  light  installed  in  all  working  places  in  col- 
lieries, or  if  electric  lamps  capable  of  giving  light  for  at  least  eight 
hours  were  supplied  to  all  imdergroimd  workers,  miners'  nystagmus 
would  soon  be  imknown,  and  serious  accidents  to  workmen,  and  con- 
sequent loss  to  the  employer,  would  much  more  rarely  occur.  They 
overlooked  the  fact  that  electric  light  can  not  be  used  in  gaseous 
mines  for  the  essential  purpose  of  determining  the  presence  of  fire 
damp.  

ICBTHODS  OF  TBBATMENT. 

The  only  curative  treatment  prescribed  is  rest,  the  use  of  strych- 
nine, and  the  correction  of  refraction  errors.  Jlowever,  the  correc- 
tion of  refraction  errors  would  require  suitable  glasses,  which,  of 
coiurse,  could  not  be  worn  imdergroimd.  The  conclusions  are 
summed  up  briefly  as  follows:  ^ 

1.  There  are  certain  important  contributory  factors  in  the  production  of  miners' 
nystagmus,  such  as  inadequate  light,  refractive  errors,  and  muscuhir  strain. 

2.  Nystagmus  is  a  menace  to  the  miner  working  imderground,  as  it  may  prevent 
the  early  detection  of  flaws  in  the  roof,  and  falls  may  result.  An  illustration  of  the 
gravity  of  this  danger  is  the  fact  that  one  of  our  cases  was  a  colliery  examiner. 

3.  We  are  convinced  that  the  preventive  and  remedial  measures  suggested  would, 
if  carried  out  thoroughly,  soon  make  miners'  nystagmus  a  very  rare  complaint  and 
greatly  facilitate  the  detection  of  the  small  blue  cap  which  indicates  the  presence 
of  fire  damp. 

A  PBOBLEM  IN  WORKMEN'S  COHFBNSATION. 

A  more  recent  scientific  study  of  miners'  nystagmus  is  the  lecture 
by  Llewellyn,*  Tyndall  research  student  of  the  Royal  Society,  deliv- 
ered at  the  Mining  Machinery  Exhibition,  London,  on  May  31,  1913. 
In  this  address  certain  aspects  of.  the  disease  are  treated  from  new 
standpoints,  and  throughout  the  fact  is  kept  in  mind  that  nystagmus, 
because  of  the  workmen's  compensation  law,  is  of  considerable  eco- 

9  Browne,  F.  J.,  and  Mackenzie,  J.  R.  Op.  dt.,  pp.  837, 840. 

h  Browne,  F.  J.,  and  Mackenzie,  J.  R.,  Op.  dt.,  p.  840. 

e  Llewelism,  T.  L.,  A  lecture  on  miners'  nystagmus:  Brit.  Med.  Jour.,  June  28, 1013,  pp.  1350-1961. 
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nomic  interest  to  mine  owners  and  insurance  companies.  After 
restating  the  conclusions  now  rather  generally  accepted,  that  miners' 
nystagmus  is  an  occupational  disease  of  the  nervous  system  and  is 
found  only  among  workers  in  coal  mines,  the  author  refers  to  the 
first  case  described,  in  Belgium  in  1861,  by  De  Conde,  and  then 
mentions  the  work  of  C.  BeU  Taylor,  Nieden,  Von  Graef e,  and  Shell. 
Romi6e  is  mentioned  as  having  pointed  out  that  the  earliest  recorded 
case  was  described  in  Belgium  10  years  after  the  safety  lamp  had 
been  recommended  for  use  in  that  coimtry  and  that  it  was  only  after 
the  compulsory  introduction  of  the  Mueseler  lamp  in  1876  that  an 
increase  in  the  number  of  cases  of  the  disease  was  noted.  Llewellyn  ^ 
summarizes  the  two  principal  views  as  regards  the  causation  of  the 
disease  in  the  statement  that  (1)  nystagmus  is  due  to  the  position 
assumed  by  the  miner  at  his  work,  and  (2)  that  it  is  due  to  deficient 
illumination.  The  first  view  was  ably  and  strongly  advocated  by 
Dransart,  Nieden,  and  Snell,  and  the  controversy  of  Snell  with 
Court  was  referred  to  in  the  statement  that  Court  wa^  the  first  Eng- 
lish observer  to  call  attention  to  the  importance  of  the  light  factor. 
The  importance  of  the  light  factor  is  now  accepted  by  practically  all 
English  observers,  but  on  the  Continent  a  diversity  of  opinion  con- 
tinues to  prevail. 

BBLATIVB  FBBQX7ENCY  OF  SYMPTOMS. 

The  lecture  of  Llewellyn  is  of  imusual  value,  in  that  it  includes  an 
analysis  of  600  cases.  The  discussion  regarding  the  frequency  of  the 
various  symptoms,  and  the  statistical  data  concerning  600  cases, 
follow:* 

Symptoms, — The  first  Bympiom  is  failuie  of  sight,  especially  at  nighttime,  or  when 
the  sufferer  is  called  upon  to  perform  the  more  skilled  portion  of  his  work.  The  man 
next  complains  that  the  lami>s  dazzle  his  eyes,  and  sooner  or  later  that  the  lamps  and 
all  surrounding  objects  dance  before  him.  Headache,  varying  from  slight  pain 
between  the  temples  to  attacks  of  extreme  severity,  giddiness  on  exertion  and  stooping, 
inability  to  see  at  nighttime,  and  dread  of  a  bright  light  are  often  present. 

There  are  two  distinct  varieties  of  the  disease.  In  the  first  the  symptoms  are 
absent  or  latent,  and  the  man,  suffering  no  disability,  is  unaware  that  he  has  nystag- 
mus; in  the  second  the  disease  is  manifest  and  the  man  is  more  or  less  incapacitated, 
and  aware  that  his  eyes  are  affected.  Among  750  consecutive  cases,  150  latent  cases 
were  observed. 

The  table  shows  the  frequency  of  the  various  symptoms  in  the  remaining  600  man- 
ifest cases. 

Symptoms  in  600  mamfett  cases. 


Symptom. 


Movementa  of  objects 

Headache 

Giddiness 

Nigtit  blindness 

Dread  of  light 

a  Llewellyn,  T.  L.,  Op.  eft.,  p.  1339. 


Number  of 
cases. 


£66 

507 
400 
450 
284 


Percentage 
of  600 


04.3 

84.5 
81.6 

n.s 

47.8 


Symptom 
marked. 


51 

52 

4 

10 


Symptom 

very 
marked. 


16 

8 


b Llewellyn,  T.  L.,  Op.  dt,  p.  1350. 
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The  physical  signs  are  briefly  stated  to  be  involuntary  and  irregular 
morements  of  the  eyeballs,  chiefly  of  a  rotatory  character,  tremor  of 
the  eyelids,  eyebrows,  head,  and,  in  some  cases  even  of  the  neck  and 
shoulders.  There  is  also  often  a  backward  inclination  of  the  head 
with  drooping  eyelids.  Reference  is  made  to  a  recent  attempt  to 
describe  a  condition  in  which  miners'  nystagmus  could  exist  without 
the  presence  of  nystagmus  proper,  or,  in  other  words,  where  the 
oscillation  of  the  eyeballs  would  be  replaced  by  a  blinking  of  the 
eyelids;  this  question  has  not  been  settled,  but  it  was  at  the  time 
under  consideration  by  a  departmental  committee.  The  numerical 
frequency  of  the  disease,  which,  according  to  foreign  authors,  runs 
from  5  to  20  per  cent  of  all  workmen  underground,  is  shown  in  a  table 
of  the  certified  cases  according  to  the  workmen's  compensation  act 
for  the  years  1908-1911,  as  follows:  <* 

Frequency  of  diMhlement, 


Year. 


1906 
1909 
1910 
1911 


of  cases  to 
iiiidar> 
groand 


0.06 
.23 
.19 


INOAPACITY  FOB  WORK  CAX7SBI>  BY  NY8TAOMTTS. 

The  results  of  Llewellyn's  inquiry  regarding  incapacity  for  work 
resulting  from  nystagmus  are  summarized  in  the  following  statement :  ^ 

Slight  cflfies  can  soon  return  to  work  underground;  ordinary  cases  can  return  after 
an  interval  of  surface  work  of  3  to  12  months.  Although  one  attack  of  nystagmus 
predisposes  to  another,  I  think  it  only  fair  to  allow  a  man  to  try  to  regain  his  income 
hy  working  underground  again  if  possible.  The  exceptional  cases  should  not  return 
to  work  imdeiground,  and  by  exceptional  cases  I  mean  the  following:  Men  who  have 
failed  to  work  several  times  before,  very  young  lads,  old  men  with  commencing  catar 
ract,  men  with  high  d^;ree  of  refractive  error,  and  those  cases  which  have  been  of 
exceptional  severity.  The  following  table  was  taken  from  returns,  extending  over 
four  years,  from  five  large  colliery  companies  employing  over  28,000  men: 

Back  at  old  work 152,  or  45  per  cent. 

Left  employ  or  commuted 9 

At  surface  work 105 

Idle 73 

MINE  DANOEBS  BBSITLTINO  FROM  NYSTAOMTJS. 

In  reply  to  the  important  question  as  to  whether  it  is  dange]X)us  to 
employ  a  man  on  the  ground  that  he  has  once  suffered  from  nystagmus, 
Llewellyn*  conmients  as  follows: 

In  the  first  place,  is  the  man  more  liable  to  accident?  It  is  very  difficult  to  answer 
this  question.    Men  are  often  sent  out  of  the  pits  by  managers  from  fear  of  this  danger, 

a  Llewellyn,  T.  L.,  A  lecture  on  miners'  nystag:mus:  Brit.  Med.  Jour.,  Jane  28, 1913,  pp.  13S(hl361. 
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but  this  18  when  they  are  about  to  fail  on  account  of  the  diaeaae.  I  think  it  probable 
that  many  slight  accidents  are  due  to  nystagmus,  but  I  have  only  once  had  a  com- 
plaint from  a  man  that  his  accident  was  directly  due  to  his  nystagmus.  There  is, 
however,  the  possibility  of  a  greater  danger,  namely,  that  a  catastrophe  may  result 
from  the  failure  of  a  fireman  or  collier  suffering  from  the  disease  to  detect  the  presence 
of  gas.  The  table  given  below  shows  the  results  of  tests  made  on  all  the  firemen  of 
five  laige  collieries.  The  tests  were  made  on  the  surface  with  the  help  of  an  Oldham 
gas-testing  chamber.  The  men  were  first  examined  for  the  presence  of  nystagmus, 
and  then  tested  independently  for  their  ability  to  detect  the  cap  given  in  the  presence 
of  gas. 

The  eyidence  to  substantiate  the  foregoing  conclusions  is  set  forth 
in  the  table  below: 

Rewlts  of  examination  of  miners  for  (dnliiy  to  see  gas  cap. 


Number 
of  men 
tflrted. 

Number 

giving 

oof  feet 

estimate. 

Quantity  of  gas  shown  by  cap. 

CondJtlon  of 
minflr. 

Treoe. 

1  percent. 

2  per  cent. 

Failed. 

Failed. 

Underes- 
timated. 

Failed. 

Underes- 
timated. 

3  per  cent. 

Normal 

Nystagmic 

40 
41 

28 
4 

14 
19 

4 
10 

0 
18 

6* 

14 
12 

Seen  bv  all,  but  fre- 
quently underesti- 
mated. 

The  table  shows  that  all  the  men  examined  were  able  to  detect  the 
presence  of  gas  when  3  per  cent  was  in  the  chamber:  but  the  nys- 
lagmic  cases  are  shown  to  have  been  responsible  for  mor«  nustakes 
than  were  made  by  men  not  afflicted  with  the  disease. 

DBTAZLS  OF  BNOUSR  BZPBBIBNCE. 

The  statistical  results  of  the  analysis  are,  in  brief,  that  the  mean 
age  was  39.84  years  and  the  mean  number  of  years  of  undei^ound 
life  was  25.58  years.  These  averages  should  be  compared  with  the 
analysis  of  100  cases  by  Browne  and  Mackenzie  and  of  another  100 
cases  by  Elworthy.  The  occupations  of  685  cases  were  given,  but 
underofficiais  were  excluded.  It  was  brought  out  that  although  all 
classes  of  workmen  were  affected,  the  great  majority  of  the  men  were 
employed  at  the  face  of  the  mine.  Out  of  685  cases  of  all  under- 
ground employees  557,  or  81.3  per  cent,  were  either  miners  or  mine 
laborers  employed  as  fillers  or  loaders.  The  number  of  timbermen 
and  repairers  suffering  from  nystagmus  was  52,  or  7.5  per  cent,  and 
the  number  of  haulers  or  trackmen  was  40,  or  5.8  per  cent.  Other 
occupations  represented  were:  Rippers,  8;  laborers,  6;  contractors, 
5;  underofficiais,  3;  and  hitchers,  engine  drivers,  hostlers,  and  ma- 
sons, 1  each.  This  analysis  does  not  show  clearly  what  is  meant  by 
the  previous  statement,  as  given  in  the  lecture,  that  underofficiais 
were  not  considered. 
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As  regards  the  method  of  getting  coal  and  its  relation  to  nystag- 
mus, it  is  pointed  out  that  although  many  authors  hold  imdercutting 
with  a  pick  to  he  the  chief  factor  in  the  production  of  the  disease,  the 
following  analysis  is  based  on  answers  given  by  580  nystagmus  cases 
who  either  were  or  had  been  miners.  Much  holing,  or  imdercutting, 
accounted  for  177  cases  and  some  holing  for  171,  or  a  combined  total 
of  348  cases,  or  60  per  cent.  In  40  cases  the  men  had  done  little 
holing  and  in  192  cases  no  holing,  or  a  combined  total  of  232  cases, 
or  40  per  cent.  In  further  explanation  of  this  point  it  is  stated^ 
that: 

Colliera  in  Someraet,  Forest  of  Dean,  and  in  the  house  coal  pits  of  South  Wales  all 
get  their  coal  by  bottom-holing,  yet  nyeftagmua  is  very  rare  in  these  pits.  The  col- 
lier when  holing  is  supposed  to  direct  his  eyes  obliquely  upward,  and  the  advocates 
of  the  old  school  say  that  nystagmus  results  from  the  strain  produced  by  this  unnat- 
ural position  of  the  eyes;  but  does  a  collier  look  obliquely  upward  when  he  holes? 
A  collier  looks  upward  when  engaged  in  top-holing,  but  not  when  he  holes  in  the 
bottom.  The  eyes  are  then  either  directed  straight  forward  or  a  little  downward. 
A  little  consideration  will  show  that  the  swing  of  the  pick  will  be  more  powerful  and 
complete  when  the  blow  is  ended  below  the  level  of  the  eyes. 

B.BLATION  OF  KYSTAOMTJS  TO  THICJUUBSS  OF  SBAHS  WOBXBB. 

The  bearing  of  the  thickness  of  the  seams  in  which  miners  work 
on  the  relative  frequency  of  nystagmus  was  inquired  into,  but  the 
results  of  the  investigation  were  seemingly  negative.  The  results 
are  summarized  in  the  table  below:  ^ 

Relation  of  thickness  of  seams  ix)  frequency  of  nystagmus. 

ThlckDMS  of  BMun.  Namber  of  cases  of  nystagmns. 

Less  than  2  feet .* 1 

2  to  3  feet 47 

3  to  4  feet 133 

4  to  6  feet 148 

5  to  6  feet 115 

6  feet  and  over 141 

On  the  important  question  of  illumination  it  is  stated  ^  that: 

In  metalliferous  mines  candles  or  open  lamps  are  usedi  while  in  a  coal  mine  safety 
lamps  are  often  necessary.  The  naked-light  coal  mine  comes  midway  between  the 
safety-lamp  coal  pit  and  the  metalliferous  mine,  having  the  general  blackness  of  the 
former  and  the  good  light  of  the  latter.  Manifest  nystagmus  is  common  in  the  safety- 
lamp  coal  pit,  rare  in  the  open-light  coal  pit,  and  imknown  in  the  metalliferous  mine. 
Nystagmus  is  practically  unknown  in  the  purely  naked-light  districts  of  Somerset 
and  the  Forest  of  Dean  and  is  rare  in  the  open-light  pits  of  South  Wales^  In  South 
Wales  most  of  the  men  had  worked  at  one  time  or  another  with  lamps,  and  it  is  com- 
mon for  the  men  to  continue  working  in  an  open-light  pit  after  they  have  failed  to 
work  with  lamps.  Taking  into  consideration  the  number  of  men  employed,  England 
and  Wales,  using  safety  lamps  three  times  more  frequently  than  Scotland,  had  four 
times  the  number  of  cases  of  nystagmus  in  1910. 

a  Llewellyn,  T.  L.,  A  lecture  on  minera*  nystagmus:  Brit.  ICed.  Joor.,  Jmie  2B,  1013,  p.  1960. 
ft  Llewellyn,  T.  L.,  Op.  cit. ,  p.  135»-1361 . 
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Of  the  number  examined,  741  men  had  used  safety  lamps,  and 
723  of  these  had  used  such  lamps  almost  exclusively.  Only  9  of 
the  men  suffering  from  nystagmus  had  worked  with  candles  alone. 
As  the  result  of  a  special  investigation  in  South  Wales,  the  data 
summarized  in  the  tables  below  were  obtained.^  The  facts  are  of 
special  interest  in  that  the  number  of  men  working  in  both  classes 
of  mines  was  known  and  the  illumination  at  the  coal  face  had  been 
tested. 

Number  of  eases  of  nystagmus  and  average  mine  illumination. 


Working  place. 

Relative  pro- 
portion of  ce]^ 
tilled  cases  of 

nystagmus 
to  men 

employed. 

Avenge 
iUtuninatlon 
at  coal  face. 

Safety-lamp  pit 

Caj^pit:.: 

Percent. 

6.8 
1 

Footeandles. 

0.00S»orl 

.00,  or  6 

\ 

The  conclusion  is  therefore  advanced  that  in  the  same  district  the 
incidence  of  nystagmus  was  found  to  vary  inversely  with  the  candle- 
power  of  the  lamps  used.  This  important  and  far-reaching  conclu- 
sion is  sustained  by  the  next  table,**  which  gives  the  number  of  cases 
of  nystagmus,  together  with  the  number  of  men  employed  and  the 
candlepower  of  the  lamps : 


Comparison  of  number  of  nystagmus  cases  and  candlepower  of  lamps  used. 

Pit. 

Nnmber  of 
men  em- 
ployed. 

Number  of 

cases  of 
nystagmus. 

Rate  per 
1,000  em- 
ployed. 

Candle- 
power  of 
lamps. 

A 

460 
1,400 
1,500 

a;  500 

1,900 

0 
23 
10 
14 

8 

ao.o 

16.7 

6.7 

6.6 

'      4.2 

0.335 

B 

.27 

c 

.83 

D 

.4 

E 

.42 

I  have  included  in  this  table  a  new  column,  showing  the  nystagmus 
rate  per  1,000,  to  facilitate  a  more  precise  comparison  of  the  different 
groups. 

The  relative  efficiency  of  different  types  of  lamps  and  their  relation 
to  nystagmus  is  discussed  at  some  length  in  Weyl's  treatise  on  indus^ 
trial  diseases,^  which  includes  a  reference  to  the  PoUak  lamp,  with 
iUuminating  power  of  0.9  of  normal  candlepower.  Weyl  is  of  the 
opinion  that  the  only  hope  for  relief  lies  in  the  direction  of  a  material 
improvement  in  the  illuminating  efficiency  of  the  existing  types  of 
safety  lamps. 

a  Llewellynt  T.  L.,  A  lecture  on  miners'  nystagmus:  Brit.  Med.  Jour.,  June  28, 1913,  pp.  1360-1361. 
h  Weyl,  T.,  Handbuch  der  Hygiene,  Jena,  1897,  pp.  284-285. 


46 


MINEB8     NYSTAGMUS. 


DZFFEBBNTZAL  FACTOB.8  OF  IIXtJXINATION. 

Llewellyn  continues  his  interesting  discussion  by  a  careful  con- 
sideration of  the  differential  factors  of  illumination  at  the  coal  face, 
which  in  the  main  consists  (1)  of  the  candlepower  of  the  source  of 
light  used;  (2)  the  distance  at  which  this  light  has  to  be  placed  from 
the  coal  face;  (3)  the  character  of  the  surroundings,  and  (4)  the  com- 
position of  the  air  at  the  coal  face.  In  some  detail  these  points  are 
discussed  as  follows :  ^ 

1.  The  candlepower  of  the  wax  candles  used  in  mines  is  generally  equal  to  one 
standard  candle,  but  the  tallow  candle  may  be  equal  to  two.  The  oil  safety-lamp 
rarely  gives  more  than  one-third  of  a  candlepower  at  the  coal  face  when  clean  and 
much  less  when  dirty.    Some  dirty  lamps  have  given  only  one-tenth  of  a  candlepower. 

2.  The  candle  can  be  placed  close  to  the  coal  face,  but  the  lamp  must  be  placed  out 
of  danger  and  is  always  much  farther  from  the  coal  face.  As  the  intensity  of  illumi- 
nation varies  inversely  with  the  square  of  the  distance,  the  advantage  of  the  candle  is 
very  great. 

3.  In  the  coal  mine  practicaUy  all  the  incident  light  is  absorbed  and  the  advantage 
of  reflected  light  is  lost.  We  do  not  realize  how  much  of  the  lighting  of  interiors  is 
due  to  this  reflected  light,  but  the  difference  between  a  room  papered  with  light  paper 
and  one  with  a  dark  red  paper  is  very  obvious. 

4.  The  light  of  a  safety  lamp  diminishes  when  the  oxygen  percentage  of  the  air  falls 
and  the  presence  of  moisture  has  the  same  effect.  The  presence  of  gas  up  to  4  per 
cent  increases  the  luminosity  of  the  flame.  So  accurately  does  the  safety  lamp  answer 
to  the  various  changes  in  the  atmosphere  that  a  rough  estimate  of  the  oxygen  per- 
centage might  be  calculated  by  taking  photometric  readings  of  i^  standard  oil  lamp 
first  imder  normal  conditions  and  then  in  the  different  districts  of  the  mine. 

The  scientific  thoroughness  of  the  investigation  is  further  empha- 
sized by  an  analysis  of  the  amount  of  light  falling  on  the  coal  face  in 
a  number  of  mines.  In  five  open-light  mines  the  average  illumina- 
tion at  the  coal  face  was  0.09  foot  candle,  against  an  average  illumina- 
tion of  only  0.018  in  eight  safety-lamp  mines,  or  only  about  one- 
fifth  of  that  in  an  open-light  mine.  The  relation  of  the  amount  of 
hoUng  done  .combined  with  different  kinds  of  illumination  on  the 
prevalence  of  nystagmus  is  further  shown  in  the  form  of  a  table,  which 
fully  sustains  previous  conclusions.'' 

Bearing  of  amount  of  ?u>l%ng  combined  with  different  hinds  of  illumination  on  the  preva- 
lence of  nystagmus. 


Dbtrict. 


SomorBet 

Forest  of  Dean 

Open-light  pits,  Boath  Wales. 


Safety-lamp  pits,  South  Wales, 
Midlands 


Amount  of 
holing. 


Much. 
..do.. 
..do.. 


None. 
Much. 


Position  of 

miner  at 

work. 


or 


On  side. 
....do.. 
On  side 

knees. 
On  knees  or 

standing. 
On  side 


ThiokBess 
of  I 


Feet, 
l}toS| 
2  to4 
^to6 

3|to6 

5  to7 


Chancter 

ofiUumS- 

nation. 


Candles... 
...do 

Safety 

lamps. 
Lamps 


Prgvalenceol 
nystagmus. 


Unknown. 

Do. 
Rare. 

Common. 

Do. 


a  Llewellyn,  T.  L.,  A  lecture  on  miners'  nystagmus:  Brit.  Med.  Jour.,  June  28, 1913,  pp.  1350-1361. 
b  Llewellyn,  T.  L.,  Op.  cit.,  p.  1361. 
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VISUAL  DBFBCTS  AND  BYB  A0CIDBNT8. 

Aside  from  the  mechanical  factors  influencing  the  rarity  or  fre- 
quency of  nystagmus^  the  personal  factor  requires  to  be  taken  into 
account.  Llewellyn**  points  out  that  the  importance  of  the  per- 
sonal factor  is  now  recognized  by  a  large  number  of  surgeons  and 
that  ocular  defects  play  an  important  part  in  determining  whether 
a  man  should  have  nystagmus.  He  sums  up  his  own  investigations 
in  the  statement  that,  aside  from  225  negative  cases  which  either 
were  not  examined  or  were  obviously  in  too  bad  a  condition  to 
admit  of  a  test,  there  were  only  95  cases  of  normal  vision.  The 
number  of  men  with  serious  errors  of  refraction  was  430,  or  81.9  per 
cent  of  the  cases  examined.  The  kinds  of  visual  impairment  were 
as  follows:  Hypermetropia,  170;  myopia,  57;  and  astigmatism,  203. 
It  is  properly  pointed  out  that  a  small  error  of  refraction  is  common 
in  normal  persons,  and  furthermore  that  accidents  and  iU  health  are 
also  determining  factors.  These  observations,  however,  do  not  de- 
tract from  the  profoundly  significant  statement  that,  underlying  the 
mechanical  problem  of  defective  illumination  is  the  equally  impor- 
tant question  of  fundamental  errors  of  refraction,  for  which  there  is 
only  one  remedial  agency  known,  and  that  is  suitable  glasses,  which 
can  not  very  well  be  worn  undergroimd.  Accidents  and  ill  health, 
however,  are  of  sufficient  importance  to  require  some  consideration, 
and  according  to  the  present  investigation  in  146  cases  there  was  a 
previous  history  of  an  accident,  in  73  cases  to  the  eye,  in  43  cases  to 
the  head,  and  in  30  cases  the  injuries  were  general.  In  North  Staf- 
fordshire, it  is  further  stated,  accidents  to  the  eye  occur  frequently 
before  the  onset  of  nystagmus.  In  the  first  600  cases  examined  there 
was  a  history  of  accidents  to  the  eyes  in  36  cases,  and  in  the  last  150 
cases,  all  from  North  Staffordshire,  there  had  been  injuries  to  the 
eyes  in  37  cases,  or  24.7  per  cent.  The  final  observations  by  Lewellyn  * 
have  reference  to  preventive  treatment,  and  are  briefly  summarized 
as  follows: 

It  is  in  the  first  place  necessary  to  improve  the  miners'  lamp,  and  the  mining  en- 
gineer must  no  longer  be  content  with  an  average  illumination  of  one-fiftieth  of  a 
foot  candle  at  the  coal  face.  The  introduction  of  electric  lamps  into  general  use  is 
probable,  as  it  seems  unlikely  sufficient  light  can  be  obtained  in  any  other  way. 
The  elimination  of  unfit  workmen  by  medical  examination  before  emplo3rment  would 
also  be  of  the  greatest  service.  Efficient  ventilation  and  any  hygienic  measures  will 
also  help. 

ESTIMATE  OF  NYSTAOMTJS  IN  THE  UNITED  STATES. 

The  statistical  apphcation  of  the  foregoing  considerations  to  the 
coal-mining  industry  of  the  United  States  is  rather  limited  at  pres- 
ent.    No  trustworthy  data  exist  which  warrant  more  than  an  ap- 

^  Llewellyn,  T.  L.,  A  lecture  on  miners'  nystagmus:  Brit.  Med.  Jour.,  June  28, 1913,  p.  1361. 
•  Llewellyn,  T.  L.,  Op.  cit.,  pp.  1350-1361. 
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proximate  estimate  of  the  probable  number  of  nystagmus  cases 
among  American  coal  miners.  According  to  the  statistics  of  the 
Bureau  of  Mines  the  number  of  men  employed  undeigroimd  is  esti- 
mated at  596,470  for  the  year  1913.^  As  the  average  rate  of  new 
cases  of  nystagmus  reported  under  the  British  workmen's  compen- 
sation act  during  the  five  years  ended  with  1912  had  been  9.2  per 
10,000  employed,  this  rate,  when  applied  to  the  total  number  of 
persons  employed  in  coal  mining  in  ^e  United  States  in  the  year 
1913,  given  by  the  Bureau  of  Mines  as  747,644,*  would  indicate  the 
possible,  if  not  probable,  existence  of  688  new  cases  of  nystagmus 
per  annum.  As  the  cumulative  rate  of  old  and  new  cases  under  the 
EngUsh  experience  by  the  year  1912  had  reached  29.8  per  10,000, 
this  would  indicate  a  possible,  if  not  the  probable,  number  of  persons 
employed  in  American  coal  mining  and  affected  with  nysta^nus  as 
numbering  2,228  for  the  year  1913.  These  rates  are  imquestionably 
conservative,  for  they  are  far  from  the  5  per  cent  of  ascertained 
cases  for  certain  mining  districts  of  Germany.  If  the  proportion  of 
American  coal-mine  employees  affected  with  nystagmus  were  as  high 
as  5  per  cent,  the  number  of  such  cases  estimated  for  the  year  1913 
would  be  37,382. 

NYSTAOMTTS  STATISTICS  OF  THE  XTNITBD  SINaDOM. 

The  table  following  exhibits  the  cases  of  nystagmus  among  miners 
in  the  United  Kingdom  who  received  compensation  under  the  work- 
men's compensation  act  during  the  five  years  ended  with  1912.  The 
number  of  coal  miners  has  been  derived  from  the  annual  reports  of 
the  chief  inspector  of  mines  and  quarries,  and  the  number  of  new 
cases,  and  new  and  old  cases  combined,  from  the  annual  statistics  of 
the  operations  of  the  workmen's  compensation  act. 

Ca9e8  of  miners^  nystagmus  compensated  for  under  the  workmen* s  oompensaiwn  act^ 

United  KingcUm,  190»-191t,  c 


Yoar. 


1908 

1909 

1910 

1911 

1912 

Total 


Number  of 

coal 

miners. 


972,232 

997,708 

1,032,702 

1,049,897 

1,072,393 


6,124,982 


Data  on  nTstagmus. 


Number 
of  new 


886 

631 

956 

1,874 

1,376 


4,728 


Rate  per 

10,000  ooal 

miners. 


4.0 

6.3 

9.3 

18.1 

12.8 


9.2 


Number 
of  old  and 
new  oases. 


460 
1,011 
1,618 
2,<18 
3,195 


Rate  per 

10,000  ooal 

mJneis. 


4.7 
10.1 
15.7 
24.0 
29.8 


a  Fay,  A.  H.,  Monthly  statement  of  ooal-mlne  fatalities  In  the  United  States,  October,  1914,  with  revfaed 
flguxes  for  preceding  months:  Bureau  of  Mines,  1916,  p.  21. 
&  Fay,  A.  H.,  Loc.  cit. 
«  From  the  annual  reports  of  the  chief  inspector  of  mines  and  quarries. 
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The  table  emphasizes  the  importance  of  miners'  nystagmus  as  an 
occupational  disease.  This  aspect  of  the  problem  is  briefly  reempha- 
sized  in  the  following  introductory  remarks  to  an  extended  address 
on  miners'  nystagmus  in  a  course  of  lectures  delivered  before  the 
Royal  College  of  Physicians  of  London  by  Shufflebotham :  ^ 

Miners'  nystagmuB  must  be  regarded  as  the  commonest  of  all  occupational  diseases. 
This  may  be  due  to  the  iact  that  the  mining  industry  is,  after  agriculture,  the  largest 
industry  in  the  country.  In  my  opinion  the  number  of  cases  of  miners'  nystagmus 
isii  exceeds  the  numbers  which  would  be  given  in  compensation  statistics,  which 
take  account  only  of  cases  in  which  undoubted  incapacity  for  work  has  been  pro- 
duced, and  not  of  the  much  larger  numbers  of  early  cases  in  which  the  patients  are 
able  to  continue  in  their  employment. 

KYBTAaMTTS  AS  AN  INDX7STBIAL  DISBASB. 

The  subject  of  nystagmus  is  referred  to  for  the  first  time  at  some 
legogth  in  the  home  office  report  on  the  statistics  of  compensation 
for  the  year  1912.''    An  extract  follows: 

The  figures  for  nystagmus  are  remarkable.  In  the  first  full  year  (1908)  during  which 
the  new  provisions  as  to  industrial  diaeasee  were  in  operation,  the  number  of  nystag- 
mus cases  was  460  (of  which  386  were  new  cases  and  74  continued  from  the  last  half 
of  1967);  380  of  these  cases  were  continued  into  1909,  and  631  new  cases  azoae,  or 
1,011  cases  in  which  compensation  was  paid  in  1909;  662  of  these  were  continued 
into  1910,  and  956  new  cases  arose,  making  a  total  of  1,618  cases  in  1910;  ]  ,144  were 
continued  into  1911,  and  1,375  new  cases  arose,  making  a  total  of  2,519  in  1911;  1,819 
cases  were  continued  into  1912,  and  1,376  new  cases  arose,  making  a  total  of  3,195 
in  1912.  In  1908  the  remedy  was  still  probably  unfamiliar,  but  a  comparison  of 
1912  with  1909  shows  that  the  number  of  new  cases  arising  annually  has  more  than 
doubled.  The  1912  figures,  however,  show  that  the  growth  in  the  number  of  new 
cases  has  stopped  for  the  present.  What  is  perhaps  more  important  is  that  the  figures 
of  ''continued  cases"  show  that  the  proportion  of  long-continued  disablement  cases 
is  very  high;  the  number  of  cases  continued  from  1911  to  1912  greatly  exceeds  the 
number  of  new  cases  that  arose  in  1911.  It  is  evident  that  the  adoption  of  means 
to  prevent  the  occurrence  of  this  disease,  which  the  most  recent  investigations  at- 
tribute to  insufficiency  of  the  light  by  which  miners  do  their  work,  is  becoming  a 
matter  of  importance  to  the  employer. 

The  report  states  that  during  1913  there  was  a  further  increase  in 
the  number  of  new  cases  of  nystagmus,  the  statement  in  the  report^ 
being  as  follows: 

As  regards  nystagmus,  attention  was  drawn,  in  the  corresponding  section  of  the 
introduction  to  the  statistics  for  1912,  to  the  remarkable  increase  which  has  occurred 
each  year  since  1908  in  the  total  number  of  cases  of  this  disease  in  which  compensa- 
tion has  been  paid,  but  it  was  noted  that  in  1912  the  growth  in  the  number  of  new 
cases  had,  for  the  time  being,  stopped.  The  figures  for  1913,  however,  show  again  a 
striking  increase  both  in  cases  continuing  from  the  previous  year  and  in  new  cases. 

•  ShniBebotfaam,  Frank,  The  hygienic  aspects  of  the  coal-mining  industry  in  the  United  Kingdom: 
Brit  Med.  Jour.,  Mar.  21, 1914,  p.  648. 

h  Statistics  of  campensation  and  of  proceedings  nnder  workmen's  compensation  act,  1906,  and  the 
employers'  liability  act,  1880,  during  year  1912,  London,  1913,  p.  9. 

cLoccit. 
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BSTDCATB  OF  OOMFBK8ATION  COST. 

It  is  regrettable  that  the  statistics  for  nystagmus  should  not  be 
giyen  in  sufficient  detail  as  regards  the  total  and  average  amounts 
paid  in  compensation  and  the  average  duration  of  the  illness.  As 
the  large  majority  of  cases  of  compensation  on  account  of  industrial 
diseases  in  the  mining  industry  of  Great  Britain  were  for  nystagmus, 
it  would  seem  reasonably  safe  to  apply  the  figure  thus  obtained  to 
the  cases  compensated  for  during  the  year  1912.  The  average 
amount  paid  in  compensation  on  account  of  nonfatal  cases  of  indus- 
trial disease  in  the  mining  industry  was  £14.43  ($70.22).  If  this 
amount  is  appUed  to  the  3,195  cases  compensated  during  the  year, 
the  approximate  total  cost  of  workmen's  compensation  on  account 
of  nystagmus  in  the  United  Kingdom  for  the  year  1912  was  $224,353. 
If  the  same  amount  were  applied  to  the  estimated  number  of  nystag- 
mus cases  in  the  United  States  (2,228),  the  corresponding  amount  for 
the  year  1913  would  be  $156,450. 

OONCLTJSIONS  OF  COMMITTEE  ON  INDTJSTBIAL  DISEASES. 

A  full  discussion  of  the  compensation  paid  to  workmen  for  nystag- 
mus is  contained  in  the  first  report  of  the  Departmental  Gomnaittee 
on  Compensation  for  Industrial  Diseases.^  In  that  investigation  it 
was  emphasized  that  the  burden  of  proof  should  rest  on  the  employer, 
that  the  disease  was  caused  by  insufficient  light  and  also  by  the 
strained  position  of  the  head  and  eyes,  that  the  diagnosis  was  fairly 
easy  but  that  the  first  stage  of  the  disease  might  easily  be  ignored, 
that  complete  incapacitation  from  the  disease  was  rare,  so  that 
malingering  was  both  possible  and  seemingly  not  uncommon.  It 
was  furthermore  brought  out  that  the  proclivity  to  the  disease  was 
incurable,  that  the  proportion  of  colliers  affected  was  held  by  dif- 
ferent witnesses  to  be  rather  variable.  A  rest  or  change  of  occupation 
was  considered  necessary  for  a  cure,  the  burden  of  responsibility 
being  placed  upon  safety  lamps  producing  inadequate  illumination. 
Upon  the  basis  of  the  data  procured  the  committee  recommended 
that  miners'  nystagmus  be  added  to  the  schedule.  As  their  observa- 
tions on  the  subject  are  of  historical  and  practical  interest  they  are 
given  in  full  as  follows :  ^ 

NyHagmtLS. — ^Thifi  disease  is  prevalent  among  minere  in  certain  districts,  especially 
where  the  coal  seams  are  thin.  It  is  due  primarily  to  fatigue  of  the  elevator  musdes 
of  the  eyes  from  the  constrained  position,  in  an  oblique  upward  direction,  in  which 
the  eyes  have  to  be  kept.  Insufficiency  of  light  from  the  lamp  would  appear  to  be  a 
secondary  but  not  inconsiderable  cause.  The  miner  mainly  affected  is  the  hewer 
who  works  at  the  coal  face,  but  deputies  in  low  seams,  the  on-setter  in  charge  of  the 
cage,  and  others  also,  may,  and  do,  suffer.  The  objective  symptom  is  an  oscillation 
of  the  eyes  (nystagmus),  the  rate  varying  from  100  to  300  times  per  minute,  and  aaso- 

tt  Report  of  the  Departmental  Committee  on  Compensation  for  Industrisd  Diseases,  London,  1907,  pp. 
21-22,  159-161,  402-403. 
*  op.  clt.,  pp.  9-ia 
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elated  with  it  subjectively  are  headache,  glddlnees,  and  Ha-nring  of  objects  before  the 
eyes,  which  cause  frequently  much  discomfort  and  occasionally  incapacitate  the 
miner  entirely  from  work.  The  malady,  as  a  rule,  does  not  occur  under  30  years  of 
age,  and  rarely  until  after  10  years  from  conmiencement  of  work.  Becovery  may  be 
expected  on  ceesation  from  pit  work  in  3  to  12  months'  time,  but  long  before  this,  in 
a  few  weeks,  in  the  majority  of  cases,  work  not  involving  the  particular  eye  strain  is 
possible.  Oues  of  nystagmus,  as  regards  degree  of  incapacity,  were  classed  for  us  by 
Dr.  Meighan,  surgeon  to  the  Gla4gow  eye  infirmar>,  in  three  groups:  (1)  those  in 
which  the  patients  are  slightly  affected  and  do  not  cease  work;  (2)  those  in  which 
the  oscillation  is  accompanied  by  giddiness,  and  where  the  men  have  to  leave  off 
their  particular  work  underground;  and  (3)  tJiose  where  the  men  are  obliged  to  cease 
work  altogether.  He  considered  that  5  per  cent  of  men  employed  in  mines  would 
represent  the  number  who  sought  treatment  under  one  or  other  of  the  three  classes, 
but  that  the  first  class  would  embrace  most  of  the  cases.  The  weight  of  evidence, 
however,  was  strongly  iniavor  of  the  view  that  no  matter  what  stage  nystagmus  might 
have  reached  when  medical  advice  for  symptoms  due  to  it  was  sought,  pit  work  ehould 
be  entirely  relinquished  on  the  ground  that  this  course  alone  would  prevent  aggrava- 
tion. This  view  was  expressed  notwithstanding  the  fact  that  miners  who  had  under- 
gone treatment  for  nystagmus  five  or  six  years  previously  and  been  cured,  were  known 
to  have  resumed  their  ordinary  work  again  and  continued  in  it  without,  so  far  as  the 
witnesses  knew,  further  injury.  The  data  on  which  this  medical  practice  is  based 
do  not  appear  to  us,  from  the  evidence,  to  be  entirely  conclusive,  and  in  some  cases, 
perhaps,  the  advice  appears  to  have  been  given  as  the  result  of  dogmatic  statements 
made  on  the  subject  rather  than  of  actual  experience.  The  importance  and  far- 
reaching  character  of  this  medical  condusicm  will  at  once  be  apparent,  when  it  is 
remembered  that  the  most  prominent  point  brought  out  by  the  evidence  in  regard 
to  the  disease  was  that,  although  its  existence  can  be  easily  diagnosed,  the  symptoms 
are  largely  subjective,  and  there  is  no  necessary  relation  between  the  severity  of  the 
disease  and  the  degree  of  incapacity.  In  other  words,  one  man  may  exhibit  a  very 
marked  oscillation  of  the  eyes,  and  yet  suffer  little  discomfort,  and  be  able  and  willing 
to  continue  at  his  work;  another  may  show  ovwt  symptoms  less  acute,  and  yet  may 
daim,  and  claim  truly,  that  he  is  incapacitated  from  his  usual  employment.  Tliis 
fact  may  perhaps  give  rise  to  difSlculty  in  settling  disputed  cases  of  compensation. 
But  since  the  only  prospect  of  airing  nystagmus  is  for  the  sufferer  to  abandon,  if  not 
altogether,  at  least  for  a  time,  employment  below  ground  in  badly  lighted  mines,  it  is 
dear  that  nystagmus  may  furnish  a  legitimate  ground  for  compensation,  even  if  the 
overt  symptoms  are  comparatively  slight.  For  the  patient,  though  he  may  not  at  the 
time  be  actually  unable  to  continue  his  work,  ought  to  discontinue  it  if  he  is  not  to  get 
worse;  and  if  the  result  is  that,  under  medical  advice,  he  has  to  accept  employment 
above  ground  at  a  lower  wage,  he  is,  in  the  words  of  the  act,  * '  disabled  *  *  *  from 
earning  full  wages  at  the  work  at  which  he  was  employed. " 

MAUNOBBING. 

The  question  of  malingering,  on  the  alleged  ground  of  iacapacity 

from  nystagmus,  is  one  of  considerable  importance.    As  observed  by 

Oliver:* 

The  symptoms  are  entirely  subjective,  and  there  is  no  necessary  relation  between 
the  severity  of  the  oscillation  and  the  degree  of  incapadty  for  work.  Miners'  nystag- 
mus has  been  scheduled  for  compensation,  but  the  fact  just  alluded  to  is  sure  to  ndse 
difficulties  in  settling  disputed  cases  of  compensation,  since  one  coal  miner  may 
suffer  little,  although  the  subject  of  marked  oscillation  of  the  eyes,  while  another  with 
leas  prominent  signs  may  experience  so  great  discomfort  as  truly  to  unfit  him  for  work. 

a  OUvor,  Thomas,  Diseases  of  occupation,  London,  1907,  p.  274. 
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A  review  of  the  literature  on  malingering  fails  to  sustain  the  con- 
clusion that  the  tendency  to  obtain  compensation  by  fraud  on 
account  of  impairment  due  to  nystagmus  is  at  all  conunon.  The 
most  recent  work,  by  CoUie,'  mentions  only  two  cases,  which  are 
not  applicable  to  the  present  discussion. 

There  are  also  no  references  thereto  in  the  treatise  by  Harbaugh.  ^ 

OIX>NIO  SPASX  OF  THE  BYBUD8. 

There  is  a  reasonable  chance  of  confusing  clonic  spasm  of  the  eyelids 
vnith  nystagmus,  a  matter  that  was  rather  fully  considered  in  a  special 
report  of  the  Departmental  Committee  on  Compensation  for  Indus- 
trial Diseases.^    It  is  observed  in  this  report  that — 

The  neceaaity  for  some  investigation  concerning  clonic  spasm  of  the  eyelids  (tiiat 
is,  epasmodic  contraction  and  relaxation  of  the  muscles  of  the  eyeUds)  was  indicated 
by  suggestions  that  miners  suffering  from  such  spasm  had  been  refused  certificates  of 
compensation  because  they  did  not  exhibit  the  symptom  nystagmus  (that  is,  oscil- 
lation of  the  eyeballs)^  though  the  disease  nystagmus  was  ahneady  scheduled  by  the 
Secretary  of  State's  order  of  the  22d  of  May,  1907.  The  inquiries  subsequently  made 
by  you  of  ophthalmic  fipedalists  and  others  had  revealed  considerable  divergencies  of 
experience  and  opinion  as  to  the  existence  and  nature  of  such  a  flpasm,  particularly  to 
a  disabling  extent,  apart  from  nystagmus;  some  authorities  suggested  that  it  was  a 
variety  of  nystagmus,  others  that  it  was  at  any  rate  a  symptom  of  that  disease,  and 
others  that  it  was  merely  a  habit.  The  questions  involved  were  therefore  refeired  to 
this  committee. 

The  subject  of  clonic  spasms  of  the  eyelids  is  briefly  referred  to  by 
Shufflebotham,^  as  follows: 

Clonic  spasm  of  the  eyelids  is  a  common  and  in  some  cases  the  most  prominent 
objective  symptom.  Sometimes  it  is  an  early,  sometimes  a  late  symptom,  and  very 
often  it  may  remain  after  the  oscillation  of  the  eyeball  has  ceased.  Llewellyn  has 
pointed  out  that  the  movements  of  the  eyelid  associated  with  nystagmus  are  of  two 
kinds,  the  coarse  blinking  movement  and  the  fine  tremor  or  clonic  spasm,  and  in  the 
former,  although  the  movements  may  be  quick,  they  are  tonic  and  not  clonic  in 
nature.  The  rapidity  of  the  clonic  movements  may  exceed  100  a  minute,  and  in 
some  cases  the  movements  may  be  so  quick  that  it  is  impossible  to  count  them. 
These  movements  may  be  exaggerated  and  made  more  obvious  by  adopting  the  same 
means  as  in  oscillation  of  the  eyeballs. 

After  considering  all  the  evidence  available  the  conmiittee  *  came 
to  conclusions  as  follows: 

We  find  that  the  word  ''nystagmus"  is  no  more  than  the  name  of  a  symptom,  and 
can  not  conveniently  be  employed  to  name  a  disease.  It  denotes  only  oscillation  of 
the  eyeballs.  ''Miners'  nystagmus,"  on  the  other  hand,  is  a  term  well  understood  to 
name  a  disease  or  group  of  symptoms,  practicaUy  confined  to  miners,  of  which  oscilla- 
tion of  the  eyeballs  (that  is,  "nystagmus  '*)  is  the  commonest,  but  not  invariably  pres- 

•  Collie,  Jobn,  MedJoo-legal  examinatioDs  and  the  workmen's  compensation  act,  1906,  London,  lUS, 

128  pp. 

5  Harbaugh,  C.  H.,  Causes  of  disability,  1909, 650  pp. 

e  Report  of  the  Departmental  Committee  on  Compensation  for  Industrial  Diseases,  London,  1913,  p.  A2. 

d  Shufflebotham,  Frank,  Miners'  nystagmus:  Brit.  Med.  Jour.,  Mar.  21, 1914,  p.  660. 

<  Report  of  the  Departmental  Committee  on  Compensation  for  Industrial  Diseases,  London,  1918, 
p.  A3. 
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ent,  objective  sign.  This  dlBease  has  many  symptoms,  some  subjectiYe  and  some 
objective.  We  have  no  doubt  tliat  during  its  course,  at  some  time  or  other,  the  symp- 
tom nystagmus  appears  in  all  cases.  That  is  the  conclusion  we  have  come  to  on  the 
evidence  of  those  who  have  had  the  greatest  experience,  but  we  can  not  deny  that, 
among  those  we  heard,  much  diversity  of  opinion  was  expressed  as  to  whether  it  is 
present  at  all  times,  or  even  susceptible  of  elicitation  by  repeated  tests  under  condi- 
tions faivorable  to  its  perception.  And,  in  some  cases,  accompanying  it,  or  in  others 
even  replacing  it  in  the  later  stages,  may  be  clonic  spasm  of  the  muscles  of  the  eyelids. 
Consequently  the  symptom  nystagmus,  however  eaoly  found  in  a  great  majority  of 
cases,  ought  not  in  all  to  be  taken  as  a  conclusive  test  either  of  the  presence  or  of  the 
absence  of  a  disease  of  which,  after  all,  it  is  but  one  symptom.  We  find  further  that 
the  suggestion  that  it  has  been  taken  as  such  a  test  is  not  altogether  unfounded.  We 
are  satisfied  that  cases  of  miners'  nystagmus  may  have  been  wrongly  diagnosed,  and 
that  certificates  of  disablement  are  likely  to  be  refused,  through  too  much  insistence 
on  this  one  test;  and  we  are  convinced  that  it  is  necessary  to  make  it  abundantly  clear 
to  all  those  concerned  in  the  administration  of  the  act  or  in  the  diagnosis  of  cases  that 
the  condition,  the  existence  or  nonexistence  of  which  to  an  incapacitating  extent  is  to 
determine  the  question  whether  there  can  be  a  claim  to  compensation,  is  not  the 
symptom  nystagmus  alone  but  the  whole  disease  known  as  ^'miners'  nystagmus." 
We  also  find  that  it  is  not  sufficient  and  for  various  reasons  would  not  be  proper  merely 
to  call  attention  also  to  the  additional  symptom  clonic  spasm;  all  the  symptoms, 
whether  subjective  (for  example,  movements-  of  objects,  headache,  giddiness,  night 
blindness,  and  dread  of  light)  or  objective  (for  example,  movements  of  the  eyeballs, 
tremor  of  the  eyelids,  eyebrows,  head,  and  even  of  the  neck  and  shoulders)  must  be 
taken  into  account.  The  question  for  deciaon  is:  ''Do  the  symptoms  present  in  this 
individual,  the  objective  symptoms  and  the  subjective  symptoms  taken  together,  with 
or  without  the  history  of  the  case  and  the  other  available  evidence,  show  that  he  has 
miners'  nystagmus  to  such  an  extent  that  he  is  wholly  or  partially  incapacitated  within 
the  terms  of  the  act." 

As  regards  the  point  raised  in  McGinn  v,  Udston,  we  find  that  the  word  ''nystagmus," 
being  only  the  name  of  a  symptom,  either  names  no  disease  at  all  and  so  gives  no  title 
to  compensation,  or  (and  this  is  the  interpretation  on  which  the  court  acted)  includes 
nystagmus  even  when  it  is  a  symptom  of  forms  of  disease  (for  example,  Friedreich's 
ataxia,  disseminated  sclerosis,  and  tumor  of  the  cerebellum)  that  are  not  industrial. 

In  view  of  the  evidence  given  to  us  and  the  facts  disclosed  by  recent  researches  as 
to  the  causation  of  miners'  nystagmus  by  inadequate  illxmiination  at  the  coal  fetce  and 
elsewhere  in  the  mine,  we  entertain  the  gravest  doubt  whether  true  miners'  n3rstagmus 
can  ever  occur  in  persons  other  than  miners.  The  committee  of  1907,  however,  seem 
to  have  had  such  cases  in  mind  (for  though  in  the  body  of  their  report  they  referred 
to  "miners'  nystagmus,"  in  their  recommendation  they  spoke  only  of  "nystagmus"). 
We  are  therefore  of  opinion  that  any  amendment  of  the  existing  schedule  should  be  so 
framed  as  to  preserve  the  existing  claim  to  compensation  for  cases  of  miners'  nystagmus 
in  persons  other  than  miners,  if  such  cases  occur. 

The  '' minutes  of  evidence"'  are  of  unusual  value,  including  obser- 
vations on  the  predisposition  to  miners'  nystagmus,  causation,  and 
its  occurrence  in  nonminers  as  well  as  its  practical  limitation  to  persons 
employed  in  the  coal-mining  industry.  The  symptoms  are  fully 
discussed;  and  the  evidence  collected  on  some  points  is  rather  tech- 
nical. Clonic  spasms  of  the  eyelids  by  some  witnesses  was  not 
considered  a  separate  disease.    Its  connection  with  conditions  other 

a  Report  of  the  Departmental  Committee  on  Compensation  for  Industrial  Diseases,  London,  1913,  pp. 
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than  miners'  nystagmus,  and  ita  differentiation  from  other  forms  of 
blinking,  were  fully  brought  out.  The  subject  of  incapacitation  by 
miners'  nystagmus  was  considered,  as  was  the  subject  of  symptoms, 
as  well  as  the  chances  of  simulation  or  malingering  and  iJie  risk  of 


recurrence. 


CONCLUSIONS. 


In  view  of  the  foregoing,  it  would  seem  extremely  improbable  that 
an  occupational  affhction  so  well  defined  should  be  wholly  absent 
in  the  coal-mining  industry  of  the  United  States.  General  investi- 
gations are  not  likely  to  yield  useful  results,  but  specialized  inquiries 
should  be  directed  exolusively  to  underground  employees  in  mines 
using  exclusively  or  extensively  safety  lamps  as  a  precaution  against 
mine  explosions.  Even  though  some  of  the  apparent  increase  in  the 
frequency  rates  of  nystagmus  for  the  United  l^ngdom  be  attributed 
to  malingering  because  of  the  compensation  paid  on  account  of  inca- 
pacity for  work,  it  would  seem  reasonable  to  suppose  that  more  cases 
of  malingering  or  fraud  would  have  been  reported  than  are  shown  by 
the  available  records.  The  economic  importance  of  nystagmus  as 
shown  by  German  data  is  set  forth  in  a  summary  statement,  derived 
from  the  statistical  reports  of  the  Bochum  Miners'  Union,^  exhibiting 
the  proportion  of  compensated  nystagmus  cases  in  the  invalidity  cases 
due  to  all  causes,  by  divisional  periods  of  life. 

InwUidUy  cases  on  account  of  nystagmus  in  the  Bochum  Miners'  Union,  190&-191t. 


Age  groups  of 

All 

invalidity 
cases. 

Nystagmus 
oases. 

biyaUd^y 

due  to 
nystagmos. 

r«ir». 
Up  to  20 

830 

790 

1,713 

2,601 

2,660 

2,324 

2,766 

2,866 

1,836 

724 

164 

39 

PertaU, 

21-26 

49 
280 

ns 

784 

705 

639 

209 

76 

11 

2 

6.2 

16.3 

26.7 

29.6 

8a8 

19.6 

9.4 

4.1 

1.6 

1.2 

2(M0 

31-36 

35-40 

41-46 

46-50 

61-66 

66-60 

61-65 

66-70 

Over  70 

Total 

18,903 

8,433 

i&a 

It  is  shown  by  this  table  that  of  all  the  invalidity  cases  on  acoount 
of  which  compensation  was  paid,  18.2  per  cent  were  the  result  of 
nystagmus.  The  actual  number  of  such  cases  was  highest  at  the  ages 
of  36  to  40,  and  the  relative  proportion  was  highest  at  the  ages  of  41 
to  45.    It  has  not  been  feasible  to  reduce  these  cases  to  the  basis  of  a 

a  AUgemeiner  Knappschafts  Verein  sa  Bochum. 
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rate  per  1,000  employed,  by  divisional  periods  of  life,  but  the  above 
table  is  entirely  conclusive  evidence  that  nystagmus  is  largely  an 
affection  of  coal  miners  at  the  age  of  31  to  50  years,  when  19.6  to  30.3 
per  cent  of  all  invalidity  requiring  compensation  is  due  to  this  single 
and  well-defined  specific  cause  of  disablement. 

The  relative  frequency  of  the  disease  in  the  Bochujn  mining  dis- 
trict is  a  matter  of  considerable  practical  importance.  It  may  be 
questioned  whether  the  subject  has  anywhere  else  received  such 
extended  and  strictly  scientific  consideration.  The  activities  of  the 
Bochum  Mrners'  Union  are  confined  chiefly  to  the  administration  of 
the  sick  fund  and  of  the  invalidity  insurance  fund.  The  number  of 
cases  of  nystagmus  to  which  the  sick  fund  was  applied  during  the 
period  1905-1913  are  shown  in  the  following  table:  ^ 

Number  of  eases  of  miners*  nystagmus  to  which  sick  fund  of  Bochum  Miners*  Union  was 

applied,  ISO&'IBIS, 


Y«ar. 

Membefsin 
iinloo. 

Casa  of 

minen' 

nystagmus. 

Nystag- 
mus oases 
per  1,000 
membefs. 

1006 

900,000 
286,000 
300,000 
843,000 
348,000 

070 
008 

1,008 
818 

1,888 

3.61 
3.16 
3.56 

2l38 
3.83 

1006 

1907 

1008 

1900 

1010 

351,000 
357,000 
876,000 
400,000 

1,226 

1,871 

1,610 

742 

3.40 
8.84 
4.02 
L81 

1011 

1012 

1013 

1905-1900 

1,555,000 
1,493,000 

6,122 
4,848 

8.20 
3.26 

1910-1913 

These  figures  show  that  during  the  last  four  years  covered  by  the 
table  the  average  nystagmus  rate  has  been  practically  the  same  as 
during  the  first  five  years  covered;  but  that  although  the  rate  during 
1912  was  the  highest  on  record,  or  4.02  cases  per  1,000  members 
exposed  to  risk,  the  rate  for  1913  was  only  1.81,  or  the  lowest  on 
record  during  the  nine  years  under  observation.  The  actual  number 
of  cases  during  1913  was  almost  exactly  one-half  of  the  number  requir- 
ing the  application  of  the  sick  fund  during  1912.  However,  the  med- 
ical report  of  the  Bochum  Miners'  Union  for  1913  ^  explains  that  the 
reduction  is  not  to  be  explained  on  account  of  a  diminished  frequency, 
but  in  conformity  with  a  decision  of  the  superior  court  that  only  the 
most  serious  cases  of  nystagmus  were  to  be  considered  entitled  to 
compensation  in  the  future. 

aVecwattangB-'Berlchta,  ADgemfiiner  Xnappscbafts  Verein  su  Bocham,  1905-1913,  Bochum,  Germany, 
1905-1013. 
»VoLl,p.l46. 
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Much  the  same  result  is  ohtained  by  an  analysis  of  the  invalidity 
cases  to  which  the  fund  was  applied  during  the  same  period^  as  shown 
by  the  following  table: " 

Number  of  cases  of  miners^  nystagmus  to  which  invalidity  insurance  fund  of  Bockum 

Miners^  Union  was  applied^  1905-1913. 


Ymt. 


1906 

1906 

1907 

1908 

1900 

1910 

1911 

1912 

1918 

1906-1909 
1910-1913 


Members 
inimlon. 

Cases  of 
miners' 
nystag- 
mus. 

Nystag- 
mus cases 
per  1,000 
memben. 

Cases  with  second- 
ary oomplicatioDS. 

Number. 

Percent 
of  nys- 
tagmus 
cases. 

263,000 
280,000 
301,000 
332,000 
340,000 

463 
590 
432 

406 
757 

L76 
2.11 
1.43 
1.22 
2.23 

107 

136 

72 

43 

61 

23.1 
2L3 
16.7 
10.6 
8.1 

341,000 
348,000 
367,000 
396,000 

824 
797 
649 
195 

2.42 

2.29 

1.77 

.49 

106 
73 
78 
30 

12.7 

9.2 

12.0 

15.4 

1,516,000 
1,452,000 

2,648 
2,465 

1.75 
1.70 

400 

286 

15.4 
11.6 

According  to  this  table  the  invalidity  rate  on  accoiuxt  of  miners' 
nystagmus  was  1.75  per  1,000  during  the  first  5  years  and  1.70  per 

1.000  during  the  last  4  years  covered  by  the  table.  The  reduction 
in  the  number  of  cases  during  1913  is  even  more  marked  as  r^ards 
invalidity  cases  than  as  regards  sickness  cases.  The  table  includes  a 
coluxim  showing  the  cases  of  nystagmus  with  secondary  complications, 
and  the  proportion  of  such  cases  to  the  total  number  of  miners  entitled 
to  invalidity  annuities  on  account  of  temporary  or  permanent  wage- 
earning  incapacity  as  a  result  of  nystagmus.  The  percentages  show 
a  wide  range,  from  a  minimum  of  8.1  in  1909  to  23.1  in  1905.  The 
percentages,  of  course,  Would  be  affected  by  special  causes  such  as, 
for  illustration,  bronchial  catarrh,  pneumonia,  and  other  respiratory 
diseases  influenced  by  season.  Out  of  a  total  of  5,1 13  cases  of  miners' 
nystagmus  during  1906-1913,  695,  or  13.6  per  cent,  were  complicated 
by  other  causes  or  diseases,  as  follows:  Other  eye  diseases,  262,  or 

5.1  per  cent  of  the  total  number  of  nystagmus  cases;  other  diseases 
of  conjunctive  tissue  membrane  and  eyehds,  68,  or  1.3  per  cent;  pul- 
monary emphysema  and  asthma,  104,  or  2  per  cent;  acute  and  chronic 
articular  rheumatism,  81,  or  1.6  per  cent;  muscular  rheumatism,  68, 
or  1.3  per  cent;  other  causes  or  diseases,  367,  or  7.2  per  cent.  To 
the  pathologist,  the  sigoificant  fact  brought  out  by  these  statistics  is 
the  large  number  of  cases  complicated  by  other  diseases  of  the  eye- 
ball or  of  the  conjunctive  tissue  membrane  and  the  eyehds. 


a  Verwaltungs-Berichte,  AUgemeiner  Knappshafts  Verein  zu  Bochum,  1905-1913,  Bochiim,  Germany-, 
190&-1913. 
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These  additional  observations  further  emphasize  the  practical 
importance  of  miners'  nystagmus  as  an  occupational  disease.  The 
modem  tendency  of  including  occupational  diseases  within  the  scope 
of  workmen's  compensation  for  accidents  or  injuries  suggests  the 
practical  importance  of  a  more  extended  consideration  of  the  sub- 
ject. As  shown  by  the  accompanying  bibliography,  there  have  been 
few  useful  and  conclusive  American  contributions  to  the  literature  on 
nystagmus.  Aside  from  the  brief  consideration  of  nystagmus  in 
lliompson's  treatise  on  occupational  diseases,  a  still  more  limited 
consideration  by  lioyd  may  be  mentioned  chiefly  on  account  of  two 
interesting  illustrations  of  the  constrained  positions  under  which 
miners'  nystagmus  is,  according  to  some  authorities,  most  likely  to 
occur.  Such  mining  practices,  however,  are  comparatively  rare  in 
the  United  States  on  account  of  the  relative  infrequency  of  narrow 
coal  seams  and  the  more  extended  use  of  coal-mining  machinery. 
No  reasons  suggest  themselves,  however,  why  this  peculiar  affliction 
should  be  limited  to  mining  districts  of  European  countries  and  not 
be  found  in  American  coal-mining  districts  where,  on  account  of  the 
gaseous  nature  of  the  mines,  the  use  of  safety  lamps  is  compulsory. 

As  shown  by  the  European  experience,  the  affliction  is  not  likely 
to  attract  general  attention  until  compensation  is  required  to  be 
paid  for  it.  Llewellyn's  estimate  of  compensation  cost  on  account 
of  miners'  nystagmus  in  the  United  Kingdom,  placed  by  him  at 
nearly  half  a  million  dollars  a  year,  is  probably  too  high.  How- 
ever, if  this  country  tmder  liberal  workmen's  compensation  laws 
should  include  compensation  for  industrial  diseases,  the  problem  of 
miners'  nystagmus,  aside  from  its  humane  considerations,  will  prob- 
ably become  much  more  important  than  it  seems  at  present. 

The  information  here  presented  should,  however,  serve  the  purpose 
of  attracting  general  medical  attention  to  an  obscure  affliction  which, 
under  existing  conditions,  may  be  erroneously  diagnosed  and  neg- 
lected, when  remedial  measures  would  be  of  decided  advant^e  to 
the  miner  and  the  mining  industry. 
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